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FIRST 


ONTARIO  INDUSTRIAL,  WASTE  CONFERENCE 


This  is  a  copy  of  the  papers  presented  at  the 
First  Ontario  Industrial  Waste;  Conference.    It  was  held  at  the 
Ontario  Agr ic ultural  College  at  Guelph  on  June  15th  to  18th,  1954, 
The  Conference  was  sponsored  by  The  Pollution  Control  Board  of 
Ontario  in  an  effort  to  focus  attention  on  the  industrail  waste 
problem  and  to  obtain  the  views  of  those  who  were  well  qualified 
to  discuss  waste  treatment  methods.    The  papers  are  printed  in 
the  ordes  in  which  they  appeared  on  the  program. 

Industrial  wastes  are  one  part  of  the  pollution 
problem  which  faces  all  countries  to-oay.    Municipal  sewage  is 
the  other.    Ontario  is  growing  industrially  at  a  fast  pace.   The 
problems  involved  in  waste  disposal  are  many  and  complex.    They 
change  rapidly  with  the  development  of  new  processes  and  new  prod- 
ucts.   This  first  conference  dealt   with  some  of  the  many  indust- 
rial wastes.    Publication  of  the  papers  in  this  brochure  is  done 
with  the  objective  of  making  this  information  available  to  a  large 
number  of  persons  and  in  that  way  to  aid  in  the  program  of  pol- 
lution abatement  ano  control. 

The  Pollution  Control  Board  is  concerned  with 

THE  EFFECTS  OF  ALL  KINDS  OF  POLLUTION.     Th E  BOARD  MEMBERS  COME 

from  those  departments  of  Government  interested  in  or  having  ob- 
ligations in  respect  to  pollution  control.    By  acting  jointly  as 
a  Board  there  can  be  co-oro i Nat i on  of  efforts  irrespective  of  the 
effect  pollution  may  have  on  the  many  uses  which  are  made  of  water 
ano  air  in  this  Province. 

The  Pollution  Control  Board  is  sincerely  grate- 
ful to  The  Honourable  Mackinnon  Phillips,  M.D.,  CM.,  Minister  or 
Health,   to  Doctor  J.  D.  MacLachlan,  B.A.,  A.M.,  Ph.D.,  President 
of  The  Ontario  Agricultural  College  and  to  all  members  of  the 
staff  of  the  college  and  the  ladies  who  were  responsible  for  plan- 
ning the  activities  at  the  college,  ano  to  the  authors  of  papers 
who  so  generously  gave  of  their  knowledge  and  time  to  assist  in 
this  major  problem  of  pollution  control. 


FOR  FURTHER   INFORMATION  WRITE  TO! 


The  Pollution  Control  Board  of  Ontario 
Parliament  Buildings, 
Toronto ,  Ontario. 
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GROUP  RESEARCH  ON  INDUSTRIAL  WASTES 


-  By  - 


A.  D.  McRAE 


I  MPER  I AL  OIL  LlM  I  TED 


INTRODUCTION 

Although  many  cooperative  research  projects 
have  been  carried  out  between  government  and  inoustry  on  prob- 
lems of  fundamental  research  and  applied  research,  there  has 
been  no  application  of  this  very  useful  procedure  to  the  prob- 
LEM OF   INDUSTRIAL  WASTES.     It   IS  THE  PURPOSE  OF  THIS  PAPER  TO 
DESCRIBE  A  COOPERATIVE  RESEARCH  PROJECT  CARRIED  OUT  UNDER  THE 
AUSPICES  OF  THE  ONTARIO  RESEARCH  COUNCIL  AND  A  GROUP  OF  SaRNIA 
INDUSTRIES   IN  AN   EFFORT  TO  ASSESS  THE  MAGNITUDE  OF  AIR  AND 
WATER  POLLUTION   IN  THE  AREA. 


COOPERATIVE  RESEARCH  IN  GREAT  BRITAIN 


(I) 


IN   THE  LATTER  PART  OF  THE   I9TH  AND  THE  EARLY 
YEARS  OF  THE  PRESENT  CENTURY  THE  LEADERS  OF  SCIENCE  AND   INDUSTRY 

lit  Great  Britain  were  increasingly  concerned  at  the  lack  of  con- 
tact BETWEEN  SCIENTIFIC  RESEARCH  AND  INDUSTRIAL  PRACTICE.     THE 

most  notable  achievement  along  these  lines  was  the  establishment 
of  the  National  Physics  Laboratory  in  1900  and  the  foundation  of 
the  Imperial  College  of  Science  and  Technology  in  1907.   Further 
action  and  additional  government  help  became  even  more  urgent  at 
the  outbreak  of  the  first  world  war,  and  in  1915  the  advisory 
Council  for  Scientific  and  Industrial  Research  was  created  "in 
order  to  promote  and  organize  scientific  research  with  a  view 
especially  to  its  application  to  trade  and  industry11. 

After  the  war,  it  was  essential  that  Britain 
regain  the  lead  in  industrial  developments  or  the  economy  of  the 
country  would  be  at  a  very  low  ebb  due  to  restricted  world  mar- 
KETS.   During  the  period  preceding  the  second  world   war  the 
research  associations  found  difficulty  in  carrying  on  due  to 
lack  of  capital,  laboratory  facilities  and  adverse  economical 
conditions  in  the  country, 

The  scale  of  operations  increased,  however, 
during  the  war  due  to  the  demands  made  on  them  by  their  indust- 
ries and  by  government  departments,  and,  of  course,  a  correspond- 
ing increase  in  their  income  was  available. 
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The  post  war  years  have  seen  an  even  greater 

EXPANSION   OF   THE  RESEARCH   ASSOCIATION  MOVEMENT.      THERE   ARE 
NOW  42  ASSOCIATIONS  WITH   A  TOTAL   INCOME  OF  3.4  MILLION  POUNDS 
STERLING  OF  WHICH   1.25  MILLION  POUNOS  STERLING   IS  A  GOVERNMENT 

grant.    These  associations  vary  greatly  in  size,  the  largest 

HAVING   AN   INCOME  OF  ABOUT  400,000  POUNOS  STERLING  WITH  THE 
MAJORITY   RANGING  BETWEEN  20,000  AND   100,000  POUNDS  STERLING. 
THE  TOTAL  STAFF   IS  MOW  APPROACHING  4,000  PEOPLE,   OF  WHICH   1,000 
ARE  OF  GRADUATE  STANDING.     THE  GOVERNMENT,   AT  THE  END  OF  THE 
WAR,  OECIDED  THAT  THEIR  GRANTS  WOULD  FORM  A  PERMANENT  PART  OF 
THE  NORMAL   INCOME  AND  SPECIAL  GRANTS  WOULD   BE  AVAILABLE  FOR 

capital  development. 

With  the  assurance  of  continued  government 

SUPPORT  PLUS  THE  SUBSTANTIAL  CONTRIBUTION  BY   INDUSTRY,   IT  CAN 
BE  ANTICIPATED  THAT   THE  RESEARCH  ASSOCIATIONS  WILL   CONTINUE  TO 
GROW   IN  NUMBER  AND  SIZE  AND  TO  MAKE  AN   INCREASING  CONTRIBUTION 
TO   INDUSTRIAL  EFFICIENCY   IN 


Great  Britain. 


THE  METHOD   OF   ASSESSING  THE  SUBSCRIPTION  OF 
EACH  MEMBER  FIRM   IS  BASED  0 N*  THE  SIZE  AND  ASSETS.     THUS,  THE 
SMALL  FIRM,   IN   GENERAL  CONTRIBUTES  MUCH   LESS  THAN   THE   LARGER 
ONE,  YET   IT  HAS  THE  SAME   PRIVILEGES,  ALTHOUGH  AS  A  RULE   IT  WILL 
NOT  HAVE   THE   SAME  FACILITIES  FOR  EXPLOITING  THE  RESULTS  OF  RE- 
SEARCH.    On  THE  OTHER  HAND,  THE  SMALL  FIRM   IS  MORE  LIKELY  TO 

use  certain  of  the  benefits. 

The  Industrial  Organization  and  Development 
Act  1947  provided  for  the  setting  up  of  development  councils 
for  industry.    The  Act  gives  powers  for  the  imposition  of 
levies  to  enable  development  councils  to  meet  their  expenses 

AND   TO  EXERCISE  THEIR  FUNCTIONS.     It  FURTHER  PROVIDES,   IF   IT 
IS  CONSIDERED  EXPEDIENT,  LEVIES  ON   INDUSTRIES  WHERE  THERE   IS  NO 

development  council. 

Cooperative  research  carried  out  through  re- 
search ASSOCIATIONS  SERVES  A  NUMBER  OF  PURPOSES  ESSENTIAL  TO 
THE   NATIONAL   WELL-BEING.     THE  EXTENT  TO  WHICH   THE   EXPERIENCE 

of  the  United  Kingdom  is  transferable  to  other  countries  is  for 

THEM  TO   DETERMINE.     CANADA   IS  THE   ONLY  OTHER   COUNTRY   AT  THE 
PRESENT  TIME  WITH  .A  SIMILAR  SCHEME,   ALTHOUGH   INDUSTRIAL   RESEARCH 
DEPARTMENTS,   GOVERNMENT  LABORATORIES  ANO   INSTITUTES  FOR  SPONSOR- 
ING RESEARCH   ARE  WELL-KNOWN  ABROAD. 


The  Department  of  Scientific  and  Industrial 


The  Department  of  scientific  and  industrial 
Research  which  sponsors  the  cooperative  work  also  maintains  a 

WATER  POLLUTION  RESEARCH  LABORATORY.     Th E  DEPARTMENT  CARRIES 
ON  WORK  ON   INDUSTRIAL   WASTES  ANO  WATER  QUALITY   IMPROVEMENT,  BUT 
AS  FAR  AS   IT  CAN  BE  LEARNED,   INDUSTRY  DOES  NOT  ENTER   INTO  THIS 
ACTIVITY  ON   A  COOPERATIVE  BASIS.    (2) 


ANTI-POLLUTION  RESEARCH  ACTIVITIES  IN  THE  UN  ITC-D  STATES 

Many  State  sponsored  projects  to  reduce  air 

AND   WATER   POLLUTION   HAVE  BEEN   INSTIGATED   IN  THE  UNITED  STATES, 
AND   CITIES   SUCH  AS  LOS  ANGELES,   PITTSBURGH   AND  CLEVELAND   HAVE 
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DEVELOPEO  THEIR  OWN  AIR  POLLUTION   REDUCTION  PROGRAMS.     FEDERAL 
ASSISTANCE   IS  AVAILABLE  TO  THE   INDIVIDUAL  STATES  UNDER  l_AW  #845 
PASSED   IN   1948  IN  RESPECT  TO  WATER  POLLUTION  ABATEMENT.     AT 
THE  PRESENT  TIME,  THE  FEDERAL  GOVERNMENT  HAS  ENTERED  THE  FIELD 
OF  RESEARCH  ON  AIR  POLLUTION.   (3)     An  AMENDMENT  OF  THE  HOUSING 

Act  of  1954  relating  to  smoke  elimination  and  air  pollution  pre- 
vention HAS  BEEN  PROPOSED  AND  THERE   IS  EVERY  LIKELIHOOD  OF  THE 
AMENDMENT  BEING  PASSED.     A  SUM  OF  $5,000,000.   IS  TO  BE  ALLOTTED 

and  the  Secretary  of  Health,  Education  and  Welfare  will  under- 
take AND  CONDUCT  A  PROGRAM  OF  TECHNICAL  RESEARCH  AND  STUDIES  CON- 
CERNED with: 

(a)  Costs  of  air  pollution  and  excessive  smoke 

( b )  Devices  and  methods  for  the  prevention  or  elimination 
of  excessive  smoke  and  air  pollution,  or  the  collection 
of  atmospheric  contaminants. 

(c)  Guidance  and  assistance  to  local  communities  in  smoke 
abatement  and  air  pollution  prevention  and  control. 

The  Act  will  also  provide  for  loans  to  compan- 
ies OR  INDIVIDUAL  HOUSEHOLDERS  to  provide  smoke  abatement  and 
ANT  I -POLLUTI ON  EQUIPMENT.     THE   INVESTMENT   IN  SUCH  EQUIPMENT  MAY 
BE  AMORTIZED  OVER  A  PERIOD  OF  FIVE  YEARS  RATHER  THAN  THE  USUAL 
TEN  YEARS  SPECIFIED  BY  THE  FEDERAL   INCOME  TAX  DEPARTMENT.     THIS 
SPECIAL  GRANT  WILL  BE  PROVIDED  FOR  A  PERIOD  OF  FOUR  YEARS  ONLY 
WHICH   IS   TOO  SHORT  A   PERIOD  TO  ACCOMPLISH   ANY   LONG   RANGE   PLAN  OF 
POLLUTION  CONTROL.     HOWEVER,   IT   IS  CERTAINLY  A  GENEROUS  GESTURE 
ON  THE   PART  OF  THE  FEDERAL  GOVERNMENT   IN   THE  UNITED  STATES   AND 

will  materially  aid  the  air  pollution  abatement  program. 

Many  industrial  groups,  such  as  the  American 
Petroleum  Institute  and  the  Manufacturing  Chemists'  Association 
Inc.  are  actively  engaged  in  air  and  water  pollution  abatement 
programs  and  information  from  these  groups  is  readily  available 
to  anyone  wishing  to  start  a  program  of   his   own. 


AD  V  I  S 

Arthu 

I  OUSN 
I  ON  C 
CERN  I 
I  N  TH 
NOR  A 
CLUDE 
AT  I  ON 
OTHER 
LUT  I  0 
F  U  R  T  H 
PROGR 
ORGAN 

Washi 

SOURC 


ORY 
R  t. 
ESS 
ONTR 
NT,  T 
E  RE 
PPO  I 

0  RE 
S,  E 
S  CO 
N  AN 
ERA 
AM. 

1  ZAT 
NGTO 
E  OF 


SERVICE 
LANGLI 
OF  THE 
OL  COMM 
HE  PROB 
PORT  OF 
NT  A  ST 
PRESENT 
DUCAT  I  0 
NCERNEO 
D  MAK  I  N 
CT I  ON   I 

At  th 

ION  WAS 

N  A  IR  P 

I  NFORM 


An 
I  s 
E,  G 

A  I  R 
ISS  I 

LEMS 
THE 
ATE 
AT  I  V 
NAL 

FOR 
G  RE 
N  TH 
E  PR 
SET 
OLLU 
ATI  0 


EXA 
THAT 
OVER 
POLL 
ON  T 

OF 

SUR 

Ad  v  i 

ES  0 
AND 

THE 
COMM 
E  DE 
ESEN 

I  N 
T  I  ON 


MPLE 

OF 
NOR 
UT  I  0 
0   I  N 
A  I  R 
VEY  , 
SORY 
F   I  N 
RESE 

PUR 
END  A 
VELO 
T  T  I 
MOT  I 

Con 

SS  I  s 


OF 
THE 
OF  W 
N  PR 
ITI  A 
POLL 

I  T 

.  Com 
dust 

ARCH 
POSE 
T  I  ON 
PMEN 
ME  A 
ON  , 
TROL 
TANC 


a  St 
Stat 
ash  i 

OBLE 
TE  A 
UT  I  0 
WAS 
M  I  TT 
RY  , 

I  NS 

OF 
S  AS 
T  OF 
FTER 
AND 

ASS 
E  AN 


ATE 
E  OF 
NGTO 
M  AN 

SUR 
N  AS 
RECO 
EE  0 
COMM 
T  I  TU 
EVAL 

TO 

A  S 

APP 
IT  I 
OC  I  A 
D  AD 


S  PON 

Was 

N  ,  R 
0  RE 
VEY 

THE 
MMEN 
N  A| 
UNIT 
T  I  ON 
UAT  I 
LEGI 
TATE 
ROVA 
S  EX 
T  I  ON 
VICE 


SORED  A 
H I NGTON 
ECOGN I Z 
QUESTED 
TO  SECU 

Y  APPLY 
DEO  TH  A 
R  POLLU 

Y  AND  C 

s ,  Stat 
n  g  fact 

SLAT  ION 
-WIDE  A 
L  OF  TH 
PECTED 

WILL  B 
.   (4) 


I R  POLL 

In 

ED  THE 

THE  PO 
RE  FACT 
TO  THE 
T  THE  G 
T I  ON  WH 
I  V  I C  OR 
E  AGENC 
S  ON  A  I 
,  POLIC 
IR  POLL 
I  S  PLAN 
THAT  TH 
E  THE  P 


UT  I  ON 

1949, 

SER- 
LLUT- 

s  con- 
State. 

0  VER- 

1  CH   I  N- 

GANIZ- 
I ES   AND 
R   POL- 
Y  OR 
UT  I  ON 

THE 
E 
RIME 


-  4  - 


CANADIAN  ACTIVITIES 


WITH 
ARY  W 

State 

ERAL 
THE   I 

Canad 

THE  U 
NICAL 
He  ALT 
THE  D 
THE  P 
WITH 
N  I  AG  A 
NED  W 


AIR  A 
TERS 
S  ,  AN 
GOVER 
NTERN 
I  AN  C 
N  I  TED 
ADV  I 
H  AND 
EPAR  T 
OLLUT 
WATER 
RA  Rl 
I  TH   P 


ND   WATE 
AND  LA 
D  ALSO 
NMENT  , 
A  T  I  0  N  A  L 
HA  I  RM A  N 

States 

SCRS  AR 
WELFAR 
WENT  OF 
ION  PRO 
POLLUT 
VER  WHI 
OLLUT  I  0 


The 

R  POL 

ND  BO 

I  F  TH 

IN  TH 

JO  I  N 

W|  TH 

U 

E  A  PP 

E  AND 

PUBL 

BLEM. 

1  ON   I 

LE  TH 

N  ABA 


FEOER 
LUT  I  0 

UNOAR 
E  PRO 
E  FIR 

t  Com 

TWO 
NDER 
0  I  NTE 

FROM 
IC  HE 

At 
S  OPE 
E  AIR 

TEMEN 


«l  Gov 

N  IF  I 
I  ES  BE 
BLEM  I 

8T  CAS 
M I  SS  I  0 
ASS  I  ST 
THE  CA 
0  FROM 

THE  S 
ALTH  0 

THE  P 
RATING 

POLLU 
TINT 


ERNM 
T  AF 
TWEE 

s  In 


ANTS 
NAD  I 

THE 
AN  I  T 
F  TH 
RESE 

FRO 
T  I  ON 
HE  W 


ENT 
FECT 
N  CA 
TERP 
AKES 
GRO 
,  AN 
AN  S 

Oep 

ARY 
E  PR 

NT  T 

M  SA 

G  RO 

I  NDS 


IS  CHIEF 
S  I NTERN 
NAOA  AMD 
ROV I  NC I  A 

USE  OF 
UP  REPRC 
0  A  S IM  I 
E  C  T  I  0  N  A 
ARTMENT 

Engineer 
ovince  c 

IME  THE 
ULT  STE. 
UP  ARE  C 
OR-DETRO 


LY    CON 
AT  I  0  NAL 

THE  Un 
L.     TH 
THE  SER 
SENTED 
LAR  GRO 

GROUP 

of  Nat  i 

l ng  Sec 

ONCER  NE 
GROUP  C 

Mar  i  e 

H  I  EFLY 
IT  AREA 


CER  NED 

BOUND- 
ITEO 
E  FED- 
V  I  CES  OF 
BY   A 
UP  FROM 
OF  TECH- 
ONAL 
T I  ON  OF 
D  WITH 
ONCERNEp 
TO  THE 
CONCER- 


C I L  OF  0 

Developm 
r  i  al  Was 

THE  ONTA 
THE  ONTA 
GROUP  HA 
IN  AN  AD 
PROBLEM 
WASTE  I  N 
FOU  NDAT I 
BY  THE  C 

Departme 

CONTROL 

Ontario 
The  Ch  a i 
Division 
Board  is 
and  Fore 

AND  DEVE 

Affairs, 

SI  TIES. 


NT AR  I  0  F 
ENT  HAS 
TE.  TH 
RIO  DEPA 
RIO  UN  I  V 
S  CON  T I  N 
V  I  SORY  C 

involvin 

the  Pro 

on  (Rese 

ommittee 

NT  OF  He 
IS  THE  R 
WHICH  AL 
RMAN  OF 
,  OF  THE 
COMPOSE 
STS,  Dep 
LOPMENT, 

The  Ont 
(5) 


In 

UNCT 
AN  A 
I  S  C 
RTME 
ERS  I 
UED 
AP  AC 
G  TH 
V  I  NC 
ARCH 

AS 
ALTH 
ECEN 
SO  F 
THIS 

Dep 

D  OF 

ARTM 

Dep 

AR  I  O 


THE 
I  ON  I 
OV  I  s 
OMMI 
NT  0 
T  I  ES 
I  N  I 
I  TY 
E  D  I 
E. 

Lab 

HAS 

■ 

TLY 
UNCT 

GRO 
ARTM 

REP 
ENT 
ARTM 

Res 


Pro 

N  G  U 
ORY 
TTEE 
F  HE 
.  »N 
TS  A 
AND 
SPOS 

The 
orat 

THE 
A  NOT 
APPO 
I  ONS 
UP   I 
ENT 
RESE 
OF  A 
ENT 
EARC 


V  I  NC 
NDER 
COMM 

IS 
ALTH 
OUST 
CTIV 
HAS 
AL  0 

ABS 
OR  I  E 
EXPE 
HER 
I  NTE 

U  ND 
SHE 
OF  P 
NT  AT 
GR  I  C 
OF  M 
H     CO 


E  OF 

THE 

I  TTE 

COMP 

,  Sa 

RY  A 
ITY 
SOU  G 
F  VA 
I  STA 
8  )  H 
Rl  ME 
GROU 
D  PO 
ER  T 
AD  0 
UBL  I 
I  VES 
ULTU 
I  NE3 
UNC  I 


Ont 
Dep 
e  ON 
OSEO 
N  I  TA 
ND  M 
FOR 
HT  F 
R  I  OU 
NCE 
AS  B 
NTAL 
P  CO 
LLUT 
HE  A 
F  TH 
C  HE 
FRO 
RE  , 
,  DE 
l«  M 


AR  I  0 
ARTME 

THE 
OF  R 

ry  En 

UN  I  C  I 
A  PER 
OR  TH 
S  TYP 
OF  TH 
EEN  G 
STAT 
NCERN 
I  ON  C 
BOVE- 

E  San 

ALTH 
M  THE 

Dep  ar 

PARTM 
UN  I  C  I 


the  R 

NT  OF 

D  i  s  p  o 

EPRES 
G  I  NEE 
PAL  I  T 
I  00  0 

E  SOL 
ES  OF 

E  Ont 

REATL 
ION  0 
EO  W  I 
ONTRO 
MENT  I 
I  T  ARY 
OF  On 
Dep  a 

TMENT 
ENT  0 
PAL  I  T 


ESEARCH 

Plann I N 

SAL  OF  I 
ENTATI VE 
RING  Dl V 
ES  .  TH 
F  SOME  S 
UT I  ON  OF 
INDUSTR 

ar I o  Res 

Y  APPREC 
F  THE  On 
TH   POLLU 

l  Board 

0  N  E  D  M  IN 

E  N  G  I  N  E  E 

TAR  I  0 ,  A 

RTMENT  0 

of  Plan 

F  MUNICI 
IE  S  AND 


COUN- 

G  AND 

NDUST- 

S  FROM 

I  S  I  ON, 

E 

I  X  YEARS 

THE 
I  AL 
EARCH 
I  ATED 
TAR  I  0 
T  I  ON 
OF 

I  STER. 
R  I  NG 
NO  HIS 

f  Lands 

N  I  NG 

PAL 

UN  I  VE  R- 


ST.  CLAIR  RIVER  RESEARCH  GROUP  (6) 


FORMATION  OF  GROUP  AND  OBJECTIVES 

On  February  22nd,  1952,  Professor  A.  C.  Plewes 
and  Dr.  R.  K.  Stratford  of  the  Ontario  Research  Council  inter- 
viewed OFFICIALS  OF  THE  POLYMER  CORPORATION,   IMPERIAL  OlL  LTD., 

and  Dow  Chemical  of  Canada,  to  discuss  the  possibility  of  organ- 
izing A  GROUP  to  commence  studies  on  air  and  water  pollution  in 
the  St.  Clair  River  basin  on  a  group  research  basis.    The  above 
companies  were  favourable  towards  the  project  and  a  memorandum 
was  presented  to  the  Research  Council  of  Ontario  on  March  8,  1952 

AND  THE  SCHEME,   AS  OUTLINED,  WAS  ACCEPTED  BY  THE  RESEARCH  COUNCIL. 
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A  sub-Committee  of  the  Advisory  Committee  on 
Industrial  Wastes  of  the  Council  was  formed  and  it  consisted  of 

MEMBERS  REPRESENTING  THE  ABOVE  THREE  COMPANIES,  Th E  ONTARIO  DE- 
PARTMENT of  Health  ano  the  Department  of  Lands  and  Forests  of 
Ontario.    A  local  Industrial  Committee  was  formed  for  the  S  a  r  - 
nia  area  with  a  chairman  elected  from  the  three  groups.    The 
chairman's  term  of  office  continues  FOR  6  TO  12  months  after 
which  a  new  chairman  was  chosen  from  the  industrial  representat- 
ives,   the  committee  was  charged  with  the  responsibility  of 
studying  both  water  and  air  pollution,  and  it  was  decided  to 
follow  a  research  program  on  air  pollution  to  determine  the  con- 
ditions existing  in  the  sarnia  area.    t h  e  studies  are  carried 
out  under  the  guidance  of  the  industrial  representatives  by  a 
qualified  scientist  with  monthly  meetings  held  to  discuss  re- 
sults of  the  air  survey, 

Money  appropriated  for  the  overall  study  was 
levied  according  to  the  number  of  employees  in  each  company, 
ano  this  amount  was  matched  by  the  ontario  research  council  on 

A  50/50  BASIS. 

The  function  of  the  committee  does  not  involve 
regulatory  measures  but  an  effort  to  0etermine  existing  con- 
ditions in  the  atmosphere  and  the  development  of  methods  to  pre- 
VENT AIR  POLLUTION   IF  THE  NEED  ARISES.     It  IS  RECOGNIZED  THAT 

these  studies  will  have  to  be  continued  over  a  period  of  at 
least  two  years,  and'  the  actual  survey  commenced  in  october,  1952. 

This  project  does  not  encroach  on  the  rights 
of  the  International  Joint  Commission,  rather  it  was  planned  to 
cooperate  with  the  commission  whenever  possible  and  the  assist- 
ance of  the  technical  advisers  of  the  commission  in  alr  pollu- 
tion is  hereby  gratefully  acknowledged.    the  same  technique  was 
followed  in  the  sarnia  area  as  employed  by  the  international 
Joint  Commission  in  Windsor,  and,  to  assist  the  progress  of  the 
survey,  equipment  from  windsor  was  lent  to  the  st.  clair  rlver 
Research  Group  in  the  form  of  high  volume  dust  samplers.    The 
Ontario  Research  Foundation  h#ve  employed  a  Research  Fellow  to 
direct  research  on  air  pollution  in  ontario  with  a  scientist 
working  under  his  direction  in  the  sarnia  area. 

In  1953,  the  Canadian  Oil  Refineries  Limited, 
Cabot  Carbon  of    Canada  Limited,  and  Sun  Oil  of  Canada  Limited, 
joined  the  St.  Clair  River  Research  Group  and  have  appointed 
representatives  to  act  on  the  local  industrial  committee. 

EQUIPMENT  AND  ACTIVITIES 

A  fixed  station  for  collecting  meteorological 

DATA  WAS  SET  UP  ALONG  THE  LINES  OF   PREVAILING  WINDS   IN  THE  RES- 
IDENTIAL AREA  OF  SARNIA.     THIS  STATION  CONTAINED  APPARATUS  FOR- 
DETERMINING  WIND  VELOCITY,   A  THOMAS  AUTOMETER  FOR  S02 ,    DUST 
COLLECTING  EQUIPMENT,  ETC,     A  SIMILAR  STATION  MOUNTED  ON  A 
TRAILER  HAS  ALSO  BEEN   PROVIDED  BY   THE  RESEARCH  FOUNDATION  FOR  A 
COMPLEJTE   ANALYSIS  OF   THE  AIR   IN  OTHER  LOCATIONS   IN  THE  AREA. 
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A   NUMBER   OF-  OUST   CANS  ^tAVE  BEEN  SET   UP   AT 
VARIOUS  POINTS   IN  THE  SaRNIA  AREA  TO  DETERMINE  OUST  FALL. 

Advice  on  the  meteorological  aspects  of  the  problem  is  being 
received  from  the  canadian  meteorological  service. 

in  addition  to  the  above  activities  the 
Council  of  the  City  of  Sarnia  have  authorized  the  formation 
of  an  aovisory  committee  on  smoke  abatement  and  have  asked  the 
St.  Clair  River  Research  Group  to  appoint  a  representative  to 
sit  on  the  committee.    The  function  of  the  Committee  is  to 
provide  technical  advice  to  the  City  Manager's  Department  in 
respect  to  ways  and  means  of  reducing  air-borne  contaminants. 


RESULTS  OF  PROJECT  TO  DATE 

The  Research  project  is,  of  necessity,  long 
range.    It  is  too  early  to  report  any  significant  results  at 

THE  PRESENT  TIME.     It  HAS  BEEN  FOUND,  HOWEVER,  THAT  DUST 
FALL   IN   THE  SaRNIA  RESIDENTIAL  AREAS   IS  LOW  COMPARED  TO  OTHER 

cities  having  a  similar  concentration  of  industry. 

The  results  of  the  survey  of  air  conditions 
were  of  va'lue  to  the  international  joint  commission's  technical 
advisers  in  assessing  the  conditions  existing  in  the  sarnia 
area.    the  industries  have  founb  jhe  survey  to  be  of  value  in 
determing  remedial  measures  for  future  installation  should  the 
condition  of  the  air  become  critical.    the  group  are  alert  at 
all  times  to  prevent  any  emission  of  undesirable  contaminants 
to  the  atmosphere'  and  to  reduce  smoke  to  a  minimum. 

The  Sarnia  industries  have  been  active  for 

MANY  YEA"S   IN  REDUCING  WATER  POLLUTION   IN  THE  ST.  ClaIR  RlVER. 
THE  WATERWAY   IS  ONE  OF  THE  MOST  ATTRACTIVE  AND  CLE A*  STREAMS 
ON  THE  CONTINENT  AND   IT   IS  ESSENTIAL  THAT   IT  BE  PRESERVED  AS  A 
SOURCE   OF   POTABLE  WATER   AND  RECREATION.     TO  T  H  t-  S  END,   THE 
LOCAL  GROUP  HAVE  JOINED  FORCES  WITH  THE  ONTARIO  RESEARCH  FOUND- 
ATION and  the  Ontario  Department  of  Health  to  maintain  a  close 
control  on  the  quality  of  waste  water  discharged.    the  research 
group  feel  that  it  is  just  as  essential  to  meet  the  objectives 
of  the  International  Joint  Commission  as  it  is  to  produce  top 
specification  manufactured  products. 


CONCLUSIONS 

The  results  of  Cooperative,  Research  project 
at  Sarnia  for  the  first  year  have  indicated  that  a  government 
agency  and  industry  can  work  together  to  assess  and  solve  prob- 
lems of  air  and  water  pollution  in  a  constructive  'manner.   al- 
THOUGH Sarnia  is  not  a  critical  area  in  respect  to  'heavy  pol- 
lution, FUTURE  EXPANSION   IN  THE  INDUSTRIAL  AREA  MAY  CREATE  AN 
UNDESIRABLE   CONDITION   IN  THE  ATMOSPHERE   AND   THE   RECEIVING 
BODIES   OF  WATER.     THE  FUNCTION  OF   THE   PROJECT   IN   THE   FUTURE 
WILL  BE  ONE  OF  EDUCATION  OF  NEWCOMERS   IN  THE   INDUSTRIAL  GROUP 
AND   A   PROGRAM  OF   IMPROVEMENT   IN  TECHNIQUES  FOR  POLLUTION   ABATE- 
MENT. 
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UTILIZATION  OF  WASTE  BY  CANADIAN  MINES 


-  By  - 

DONALD  P.  DOUGLASS 

Ontario  Department  of  Mines 


ROCK 

All  mining  operations,  both  open  pit  and 
underground,  produce  waste  rock.    the  disposal  of  this  mat- 
ERIAL,  AS  WASTE,  OR   ITS  UTILIZATION  AS  A  VALUABLE  BY-PRODUCT 
HAS  ALWAYS  BEEN  ONE  OF  THE  MAJOR  PROBLEMS  OF  THE  MINING   IN- 
DUSTRY. 

tN  OPEN-PIT  MINING,  OPERATIONS  MAY  BE  CAR- 
RIED TO  A  OEPTH  OF  400  FEET,   AND  ROCK  WALL  MUST  BE  BENCHED 
BACK  TO  MAKE  A  SAFE  SLOPE.     THIS  RESULTS   IN  A  GREAT  DEAL  OF 
WASTE  ROCK  THAT  MUST  BE  DISPOSED  OF. 

IN  UNDERGROUND  MINING,  SHAFTS,  CROSSCUTS, 
HOISTROOMS,   AND  CRUSHING,   PUMPING,   AND  CHARGING  STATIONS  ARE 
USUALLY  CUT   IN  WASTE  ROCK}    THIS   IS  DONE  SO  THAT  VALUABLE  ORE 
SEED  NOT   BE  USED  TO  CONTAIN  THESE  OPENINGS.     ALL  THE  ROCK 
FROM  THIS  WORK  MUST  BE  HOISTED  TO  SURFACE  BEFORE  MINING  CAN 
START. 

an  idea  of  the  amounts  of  waste  rock  invol- 
ved may  be  had  from  the  returns  made  last  year  by  the  inter- 
national nickel  company  at  suobury  to  the  ontario  department 
of  Mines.    Last  yea*  at  their  mines,  nearly  a  million  and  a 
quarter  feet  of  drifting  and  crosscutting  was  done,  and  almost 
seven  hundred  thousand  tons  of  waste  was  hoisted.   a  standard 
crosscut  measures  about  eight  by  eight  feet  and  the  main  cross- 
cuts would  be  almost  eight  by  twelve  feet.   some  of  the  larger 
shafts  are  thirty  by  eighteen  feet  and  co  to  a  oepth  of  4,000 
feet.    the  excavation  for  such  a  shaft  could  accommodate  a 
small  home,  although  a  4,000  foot  basement  would  haroly  be 
acceptable. 

Underground  space  to  accommodate  hoisting 
equipment  requires  large  0 pe n i n g s*  w i th  their  dome-shaped 
ceilings,  they  resemble  small  churches  in  size  and  shape. 

The  size   of  underground  openings  is  kept  at 
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A  MINIMUM,   SINCE   EXCAVATING  SOLID   ROCK   IS  AN  EXPENSIVE  OPER- 
ATION;  THESE   OPENINGS  ARE  ALSO  SUBJECTE.0   TO   ROCK   PRESSURE  THAT 

INCREASES  WITH   DEPTH   AND  MUST  BE  SUPPORTED,  HOWEVER,   ALTHOUGH 

UNDERGROUND  EXCAVATION   IS  NEVER  GREATER  THAN  IS  ABSOLUTELY 

NECESSARY,   THE  VOLUME  OF  WASTE  ROCK   INVOLVED  IS  STILL   VERY 
LARGE . 


Another  example  of  the  work  done  in  waste 

ROCK   IS  HAULAGEWAYS.     At  THE  HOLLINGER  GOLD  M|NE  AT  TlMMINS 
ABOUT  400  M ILES 
WORK  I  N  GS, 


OF  TRACK   HAVE  BEEN  LAID   IN  THE  UNDERGROUND 


THE   EXAMPLES   QUOTED  GIVE   SOME   IDEA  OF  THE 

vast  amount  of  waste  rock  produced  at  some  of  the  larger  mines. 
What  to  do  with  this  waste  is  a  problem  that  confronts  all 

Ml  N  E  S . 

There  is  also  waste  in  the  orebody  itself, 
as  mining  methods  are  improved,  it  becomes  possible  to  mine 

ORES  OF  LOWER  GRADE,  AND  THUS  MORE  AND  MORE  WASTE   IS  PRODUCED. 

In  orebodies  the  actual  metal  content  of  the 

ORE   IS  ONLY   A   VERY  SMALL  PART   OF  THE  WHOLE.     THE   AVERAGE   GOLD 

content  mined  in  Ontario  at  the  present  time  is  only  about  a 
quarter  of  an  ounce  per  ton  of  ore.    at  the  kerr-addison  mine 

ABOUT  4,500  TONS  OF  ORE   ARE  HOISTED  DAILY  AND   FROM  THIS  LESS 
THAN   100   POUNDS  OF  PRECIOUS  METAL   IS  EXTRACTED.     THE  REST   IS 
WASTE.     IN   THE  BASE  METAL  OREBODIES,  THE  AVERAGE  METAL  CON- 
TENT MAY  BE   FROM  ONE  TO  TEN  PERCENT  OF  THE  ORE. 

The  4 nternat ional  Nickel  Company  mines  al- 
most FOURTEEN  MILLION  TONS  OF  ORE  A  YEAR;   TO  TRANSPORT  THIS  ALL 
AT  ONCE  WOULD  REQUIRE  A  TRAIN  OF  50-TON  CARS  TWO  THOUSAND  MILES 

long.    Such  a  train  would  stretch  from  Toronto  to  Medicine  Hat 

Alberta. 


BEING  EMPLOYEO 
GROWTH  OF  THIS 
ROCK  IS  NEEDED 
ANO  TOWNS ITES. 


Waste  rock  is  being  put  to  gooo  use  and  is 

MORE   AND  MORE   IN   THE   INCREASED  DEVELOPMENT  AND 

country.    During  the  early  years  of  a  mine, 

FOR  THE  LEVELLING   AND  CONDITIONING  OF  MINE  YARDS 
IT   IS  ALSO   USED  AS  RAILWAY   BALLAST,   IN  CON- 
CRETE AGGREGATE,   CONVERTER  FLUX,   ANO   IN  THE  CONSTRUCTION  OF" 

roads.    Landing  strips  for  aircraft  have  been  made  from  wastb 
rock  at  Flin  Flon,  Manitoba,  and  in  I  nternat  ional  'N  i  ckel  Company 
property  at  Sudbury..   Waste  rock  is  used  to  fill  in  mined-out 
areas  underground. 

At  the  Bethlehem  iron  mine  at  Marmora,  about 
18  million  tons  of  limestone  overlying  the  orebody  is  being  re- 
MOVED -  AN  AMOUNT  SUFFICIENT  TO  COVER  A  30-FOOT  WIDE  HIGHWAY 
WITH   A  FOOT  OF   CRUSHED  ROCK   FOR  A   DISTANCE   OF  82  MILES.    THIS 
MATERIAL  HAS  A   POTENTIAL  VALUE  ANO   IS  BEING  STOCK-PILED  FOR 

future  use. 

at  a  number  of  limestone  quarries  in  southern 
Ontario,  where  high-grade  limestone  is  useo  in  the  production 

OF  LIME,   THE  FINES  ARE  SOLD  FOR   ROAD  METAL  AND  AS   A  FILLER  FOR 
FERTILIZER   PRODUCTS. 
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As  MORE  AND  MORE  USES   ARE  F0UN0  FOR   IT, 
WHAT  WAS  FORMERLY  CALLED  WASTE   ROCK   IS  NOW  BECOMING  VALUABLE 
MATER  I  AL. 


TAILINGS 

Ores  are  crushed  dry  to  about  3/8-inch 
size,  then  ground  in  ball  or  rod  mills  in  solution  to  the 
finer  sizes  required.    they  are  ground  to  the  fineness  nec- 
essary to  release  the  metal  content  for  further  concentration 
and  extraction  by  solution  or  h e a t  treatment.    the  nature  of 

THE  ORE  AND  THE  EASE  OF  EXTRACTION  VARY  CONSIDERABLY.    It  MAY 
BE  NECESSARY   TO  GRIND  SO  FINE  AS  TO  ALLOW  80  PERCENT  OF  THE 
MATERIAL  TO  PASS  THROUGH   A  300- MESH   SCREEN  TO  PERMIT  SATIS- 
FACTORY  SOLUTION  OF  THE  GOLD   IN  A  CYANIDE  SOLUTION.    At  BASE 

metal  mines  grinding  to  70  percent  through  a  200-mesh  screen 
might  be  all  that  is  required. 

at  gold  mines  the  ore  is  agitated  in  tanks 
of  a  cyanide  solution  that  dissolves  the  gold.    the  gold- 
bearing  solution  is  then  filtered  off  from  the  fine  waste 
rock,  or  cake,  and  the  gold  is  p rec i p a t ate d . 

the  fine  waste  or  slimes  contain  an  average 
cyanide  content  of  0.12  pounds  per  ton  to  which  water  is 
added  to  give  a  final  cyanide  content  of  0.003  percent.   the 
tailings  are  usually  pumped,  as  about  50  percent  solids,  into 
a  natural  depression,  usually  a  m  0  s  qu  i  t  0 -b  re  e  d  i  n  g  swamp  or 
muskeg  area. 

in  accordance  with  the  ruling  of  the  judge 
of  The  Ontario  Mining  Court,  tests  taken  at  one  mine  in  North- 
ern Ontario  showed  less  than  one  part  cyanide  in  10  million. 
Samples  of  water  were  taken  periodically  at  a  point  not  more 
than  50  feet  from  the  point  of  entry. 

The  disposal  of  tailings  at  the  concentrator 
of  the  International  Nickel  Company  at  Copper  Cliff  presents  a 
problem  of  considerable  difficulty.    tailings,  after  water 
separation,  occupy  20  cubic  feet  per  ton.    this  means  that 
175  million  cubic  feet  of  space  is  needed  each  year  -  equivalent 
to  six  feet  of  depth  over  an  area  a  mile  square.    these  tail- 
ings have  to  be  pumped  a  distance  of  over  three  miles  from  the 
plant,  through  i  2- a  no  -  i  6- i  n c h  pipelines. 

a  new  method  to  make  use  of  an  important  part 
of  the  tailings  for  underground  fill  was  recently  found.    at 
the  kerr-adoison  m|ne,  4-5  percent  of  what  was  formerly  called 

WASTE   IS  PUMPED  BACK   INTO  THE  MINE  AS  BACK-FILL.     Th I S  NOT 

only  supports  the  underground  workings  that  have  been  mined  out 
but  also  reduces  the  rock-burst  problem  and  fire  hazard  as  well; 
it  also  cuts  down  the  amount  of  sand  and  gravel  formerly  needed 
for  th i s  purpos  e  * 

the  following  news  release  by  the  international 
Nickel  Company  at  Copper  Cliff  on  July  29th,  1953,  describes  the 

METHOD  I 
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"Waste  material  from  the  ore  has  been  put  to  good  use 
to  increase  undercound  security  in  a  ' me r ry -g 0- ro u no ' 

OPERATION  AT  THE  FrOOD-StOBIE  AND  CREIGHTON  MINES  OF 

the  International  Nickel  Company  of  Canada,  Limited. 

Sand  recovered  from  mill  tailings,  the  waste  in 
the  ore  concentrating  process,  is  mixed  with  water 
and  flushed  through  pipelines  back  into  the  ground 

WHENCE   IT   CAME.     T  h  £  R  E   IT  SERVES  AS  FILL  FOR  MINED- 
OUT  STOPES  -  SECTIONS  OF  THE  MINES  FROM  WHICH  THE 
ORE  HAS  BEEN  REMOVED  -  OR  TO  STABILIZE  AREAS  PREV- 
IOUSLY FILLED  WITH  ROCK. 

THE  SAND-FILLING  SYSTEM  IS  A   SIGNIFICANT  DEVELOP- 
MENT in  the  Company's  $150,000,000  long-range  program 
of  conversion  from  open-pit  and  underground  mining  to 
all- underground  production  at  its  five  mines  in  the 
Sudbury  District  of  Ontario. 

For  20  years  waste  rock  has  been  used  at  Inco's 
Frood-Stobie  Mine  to  fill  the  mined-out  areas. 
Recently  it  was  found  that  sano  constituted  a  more 
suitable  fill,  permitting  faster  and  more  efficient 
underground  operations.    now  it  is  piped  into  the 
mine  at  the  rate  of  more  than  3000  tons  a  day. 


More  t-han  3,500,000  tons  of  sand  fill  will  be 

REQUIRED  TO  STABILIZE  ALL  THE  ROCK-FILLEO  AREAS  OF 
THE  FroOO-STOBIE  MlNE  ALONE. 

Sand  is  also  being  used  as  fill  instead  of 
rock  in  current  square-set  store  mining  at  frood- 
Stobie  and  Creighton.    The  sand  being  used  for  fill 
at  Creighton  is  pumped  directly  underground  to  the 
deepest  levels  from  the  company's  new  10,000-ton 

CONCENTRATOR  THERE.     SANO  FOR  FrOOD-StOBIE   IS 

shipped  from  the  Copper  Cliff  smelter  to  the  mine 
in  ra i lway  cars. 


THE  DISTANCE  THE  SAND   IS  PIPED  TO  REACH  STOPES 
ON  THE  LOWEST  LEVEL  OF  THE  CREIGHTON  M|NE   IS  9,500 
FEET,  MORE  THAN  HALF  OF   IT  ON  THE  HORIZONTAL. 

The  sand  for  Frood-Stob i e  ,  after  being  oewatereo 
at  the  Copper  Clitf   concentrator  and  shipped  to  the 
mine  in  78-ton  cars,  is  dumped  into  bins  at  a 
special  plant  and  then  mixed  with  water  to  a  consist- 
ency of  about  60$  solid.   the  pulp  is  drawn  into  a 
distributor  sox  with  connections  to  three  6-inch 
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rubber  lined  lines  that  enter  the  nine  through  a 
service  raise  extending  from  3,100  level  to  surface. 
On  each  level  of  the  mine  are  distribution  lines 
extending  into  the  stopes. 

a  section  to  be  sand-filled  is  bratticeo  off 
and  enclosed  with  burlap.    the  water  decants  through 
slots  in  the  bratticing  which  are  sealed  one  by  one 
to  prevent  the  sand  escaping  as  the  level  of  the  fill 
rises.    the  sand  settles  naturally  and  no  hand- 
levelling  is  necessary  to  provide  a  smooth  surface  on 
which  to  start  the  next  round  of  mining,  wbich  can 
proceed  shortly  after  the  fill  is  poured.    sand-fill 
water  drains  into  the  level  ditches  and  is  pumped 
back  to  surface. 

an  independent  telephone  system  provides  direct 
communication  between  the  working  places  underground 
and  the  sand-fill  plant  at  surface  for  control  of 
sand  delivery,  ■ 


The  new  method  described  in  the  release 
just  quoted  will  release  large  amounts  of  sand  and  gravel 
for  the  construction  of  homes  and  factories.    deposits  of 
sand  a no  gravel  to  meet  building  requirements  are  becoming 
exhausted  near  the  urban  centres  in  ontario,  and  in  the  near 
future,  it  could  easily  be  that  these  materials  will  have  to 
be  transported  from  considerable  distances.    the  hollinger 
Mine,  for  example,  has  used  over  26  million  tons  of  sano  in 
their  back-filling  operations.    the  sullivan  mine  in  british 
Columbia  will  be  using  500,000  yards  of  gravel  for  back-fil- 
ling this  year;   this  is  in  addition  to  the  NORMAL  AMOUNT  OF 
back-filling  that  goes  on  every  year. 

In  a  number  of  cases,  tailings  have  been 
put  to  excellent  use  on  surface  and  have  enhanced  the  value 
of  the  surrounding  area.    this  may  be  seen  in  the  recreation 
grounds  and  parks  at  the  m c i n ty r e ,  madsen,  holltnger,  and 
Lake  Shore,  to  name  only  a  few  mines  in  Ontario.    In  partic- 
ular THE  PARKS  OF  THE  MclNTYRE   AND  HOLLINGER  MINES  AT  TlMMINS 

and  of  the  International  Nickel  Company  at  Copper  Cliff  are 
the  show  places  of  their  respective  areas. 


SLAG 

Slag  is  a  waste  product  of  smelters.   At  the 
International  Nickel  Company's  smelter  at  Copper  Cliff,  slag 
is  skimmed  into  pots  holding  16  tons  ano  hauled  to  the  slag 
dump  by  60-65-and-l 00  ton  electric  locomotives  in  two  trains 

OF  20  POTS  EACH.     Th I S  WASTE  PRODUCT  HAS  BEEN  SUCCESSFULLY 

used  as  road  material  and  railway  ballast.    at  the  noranda 
Mine,  slag  is  mixed  with  tailings  for  underground  fill. 
Slag  is  also  used  in  concrete  aggregate  and  as  insulating 

material. 
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dumps  at  Sudbury 
However,  because 
slag  per  unit  of 
i  mate  )  that  these 

TOTAL  I  00  Ml  LLI  ON 


There  is  little  likelihood  that  the 
will  ever  be  worked  for  the  recovery 
of  the  development  of  a  new  process, 

NICKEL  PRODUCED  WILL  BE  FORMED.     It 
SLAG 
TONS 


SLAC 

OF   I RO  N. 

LESS 

IS  EST- 


DUMPS  COVER  AN  AREA  OF  500  ACRES  AND 
OF  SLAG. 


SULPHUR 

Nickel  and  copper  are  produced  from  sulphide 
ores.    The  sulphur  content  of  the  ore  in  Ontario  might  be  'as 
high  as  30  percent.    to' produce  copper  ano  nickel,  much  of 
the  sulphur  is  burned  and  produces  much  flue  gas  containing 
sulphur  gases  in  very  low  concentration.    the  disposal  of 
these  fumes  has  long  been  one  of  the  major  problems  of  the 
industry. 

The  fumes  are  collected  and  discharged  at 

HIGH   TEMPERATURES  FROM  SOME   OF  THE  HIGHEST  STACKS   IN  THE  WORLD, 

This  provides  further  dilution  of  the  fumes  before  they  reach 
-round  level. 

Oust  particles  are  removed  by  electrostatic 
precipitation,  cross-flues,  and  settling  chambers. 

Recently  a  direct  flash  smelting  process  for 
heating  copper  concentrates  was  placed  in  operation  at  copper 
Cliff  by  the  International  N i ckel  Company .    This  new  process 
uses  oxygen  and  makes  the  present  large-scale  output  of-  liquid 
sulphur  dioxide  from  furnace  exhaust  gases,  by  Canadian  Indust- 
ries LIMITED,  AT  COPPER  CLIFF,   AN   ECONOMICAL  ONE. 

Sulphuric  acid  is  also  produced  by  Canadian 
Industries  Limited,  at  Copper  Cliff  from  copper  converter  gas. 
In  1953,  37,000  tons  of  sulphur  dioxide  was  recovered  as  well 
as  a  large  amount  of  sulphuric  acid. 


as  liquid 

SULPHUR. 

sulphuric 
of  fert  i  l 
produced; 
About  3  00 


Sulphur  has  been  r&covered  in  various  plants 
sulphur  dioxide,   sulphuric  acid,   and  elemental 

At  Trail,  British  Columbia,  about  1,100  tons  of 
acid  a  day  a-rt  produced  and  used  in  the  manufacture 
zers.    Last  year  600,000  tons  of  fertilizer  was 

this  is  being  increased  to  700,000  tons  this  year, 
tons  of  iron  concentrates  a  day  are  drawn  from  the 

CURRENT  TAILINGS  PIPED  FROM  THE  SULLIVAN  CONCENTRATOR.  Th I S 
AMOUNTS  TO  ABOUT  A  QUARTER  OF  THE  CURRENT  MILL  SUPPLY  OF  IRON 
SULPHIDES,  ANO  THERE  IS  ALSO  THE  IMPOUNDED  IRON-BEARING  TAIL- 
ings from  former  milling  operations  -  an  enormous  backlog. 

Most  of  the  sulphur  in  the  Sudbury  area 

COMES  FROM  AN   IRON  SULPHIDE  -  PYRRHOTITE.     LAST  YEAR  A  SOLU- 
TION WAS  FOUND  TO  ELIMINATE  A  GREATER  PORTION  OF   PYRRHOTITE 
FROM-  THE   CONCENTRATES.     A   PLANT   IS   NOW   UNDER  CONSTRUCTION 
THAT   WILL   PRODUCE  AN   ESTIMATED  MILLION  TONS  OF   IRON  A  YEAR 
FROM  CONCENTRATES  THAT  WERE  FORMERLY   CONSIDERED  TO  BE  WASTE. 
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THE   1947  REPORT  OF  THE  ONTARIO  RESEARCH  FOUND- 
ATION DEALS  WITH   THE  FEASIBILITY  OF  ECONOMIC  RECOVERY  OF  ALL 
THE  SULPHUR  CONTAINEO   IN  THE  FUMES   IN  THE  S U D 6 U RY  AREA. 

THE  CAPITAL  REQUIRED  AND  THE   COST   OF  RAW  MAT- 
ERIAL AND   POWER  FOR  THE  TREATMENT   OF  SMELTER   FUMES  BY   PRESENT 
METHODS  ARE  SO  GREAT  THAT  THE  RECOVERY  AND   SALE  OF  SULPHUR  CON- 
taining by-products  must  be  part  of  such  treatment.    a  process 
of  removal  only  without  compensating  by-products  could  not  be 
considered. 

High  expenditure  for  the  purchases  of  large 
quantities  of  material  such  as  coke,  ammonia,  and  phosphate 

ROCK,   AND  OF  POWER  WOULD  BE  NECESSARY.     Th E  AMOUNT  OF  SULPHUR 

or  sulphur-containing  by-products  that  resulted  would  be  so 
great  as  to  dwarf  the  present  canadian  market,    nor  are  the 
locations  of  the  smelters  suitable  to  compete  for  these  markets, 
That  heavy  financial  losses  might  be  incurred  in  an  undertaking 
of  such  magnitude  is  apparent.    However,  a  continuous  program 
of  research  on  sulphur  recovery  is  justified  and  is  being 
carried  on. 

A  special  Sulphur  Dioxide  Committee  was 

APPOINTED  SEVERAL  YEARS  AGO  FOR  THE  PURPOSE  OF   CARRYING  OUT 
RESEARCH   IN  CONNECTION  WITH  THE  EFFECT  OF  SULPHUR  FUMES  ON 
FOREST  GROWTH   IN  THE  SUDBURY   BASIN  AREA.     THIS   COMMITTEE  WAS 
FORTUNATE   IN  OBTAINING  THE  SERVICES  OF  Dr.  M.  KATZ  OF  THE 

Defence  Research  Laboratories  at  Ottawa.    Dr.  Katz  is  consid- 
ered THE  OUTSTANDING  AUTHORITY  ON  THIS  TYPE  OF  RESEARCH  IN 

North  America.    A  great  deal  of  valuable  information  has  al- 
ready BEEN  COMPILED  BY  THE  COMMITTEE  AND  THE  WORK   IS  CONTINUING 

IN  CONCLUSION,   IT   IS  APPARENT  THAT  MINING 
PRODUCES  WASTE  THE   SAME   AS   ANY  OTHER  HEAVY   INDUSTRY.     MANY 
PROBLEMS  STILL   REMAIN  TO  BE  SOLVED.     HOWEVER,   I   TRUST   I   HAVE 
SEEN  ABLE  TO  SHOW  THAT  THE  MINING   INDUSTRY  HAS  MADE  REMARKABLE 
STRIDES  BY  CHANGING  MUCH   OF  WHAT  WAS  FORMERLY  WASTE   INTO  VALU- 
ABLE PRODUCTS,   AND   I   AM  SURE  THAT   IN  THE  FUTURE   IT  WILL  DO 
EVEN  MORE. 


* 

*** 

***** 

******* 

***** 

*** 

* 


-  15  - 


TREATMENT  OF  0  I L  WASTES 


-  By  - 


K.  CASHMORE 

Ref i nery  Chemist 
Clarkson   Refinery 

The  British  American  Oil  Company  Limited 


The  companies  operating  oil  refineries  have 
always  had  problems  of  water  and  atmospheric  pollution.   how- 
ever, in  recent  years  greatly  increased  industrial  activity 
and  the  spreading  out  of  urban  centers  of  population  have  com- 
bined to  make  the  problems  more  acute.    consequently  all  re- 
finers are  now  extremely  conscious  of  waste  disposal.    they 
are  devoting  more  thought,  time,  and  money  to  the  matter  than 
ever  before.    in  addition,  present  indications  are  that  their 
activities  in  this  field  will  continue  to  increase  in  the 

FUTURE, 

UP  TO  THE   PRESENT  TIME  THE  HANDLING  OF  WASTE 
WATER  HAS  BEEN  A  MORE  SERIOUS   PROBLEM  THAN  ATMOSPHERIC  POLLU- 
TION.   However,  the  growth  of  residential  areas  close  to  re- 
finery SITES  INDICATES  THAT  IN  THE  NEAR  FUTURE  MORE  ATTENTION 

will  have  to  be  given  to  smoke  and  fumes. 

In  Canada  various  pollution  control  groups 
have  tended  to  adopt  the  international  joint  commission's 
standards  for  waste  water  effluents  entering  the  boundary 
waters  between  canada  and  the  united  states.    therefore,  their 
figures  are  used  as  guides  for  effluent  quality  in  many  studies 
of  pollut i  on  . 

the  recognized  authority  for  methods  of  hand- 
ling refinery  wastes  is  the  american  petroleum  institute's 
Committee  on  Disposal  of  Refinery  Wastes,    This  group  has 
published  a  manual  presenting  information  to  aid  refiners  in 
handling  the  wastes  produced.    th  e  api  manual  is  in  five 
sections.   Volume  I  -  Waste  Water  Containing  Oil,   Volume  II  - 
Waste  Gases  and  Particulate  Matter,   Volume  III  -  Chemical 
Wastes,   Volume  IV  -  Sampling  and  Analysis  of  Waste  Water,  and 
Volume  V  -  Sampling  and  Analysis  of  Waste  Gases  (still  in  pre- 
paration)-.   This  manual  is  widely  used  in  the  selection  and 
design  of  waste  disposal  equipment. 
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WASTE  WATERS  CONTAINING  OIL 
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the  recovered  oil  is  removed  to  slop  tanks. 
These  are  equipped  with  steam  coils  to  heat  the  oil,    This 
allows  entrained  water  to  separate  out  and  be  returned  to  the 
separator.    The  dry  oil  is  returned  to  the  refinery  process 

SYSTEM. 
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are  no  partitions  or  baffles  in  this  chamber  except  an  oil 
retention  baffle  at  the  far  end.    the  separated  oil  is  re- 
move 0  by  a  skimming  device. 

The  water  then  flows  over  a  weir  and  enters 
the  secondary  chamber  which  is  required  to  be  60$  of  the 
entire  length  of  the  separator.    again  there  are  no  baffles 

EXCEPT  ONE  FOR  OIL  RETENTION  AT  THE  OUTLET  END,     Th E  WATER 
FLOWS  OVER  A  WEIR  AND   IS  DISCHARGED  FROM  THE   SEPARATOR.     Th E 
ENTIRE  ARRANGEMENT   IS  CAREFULLY  DESIGNED  TO  AVOID  THE  CREATION 
OF  ANY  TURBULENCE  WHICH  MIGHT  TEND  TO  BREAK  UP  AND  DISPERSE 
THE  PARTICLES  OF   OIL* 

IN   ORDER  TO  OBTAIN  A  SATISFACTORY  EFFLUENT 
A   NUMBER  OF  PRECAUTIONS  MUST   BE   TAKEN   IN  OPERATING   THE  UNIT. 
THE   SEPARATOR  MUST  BE  KEPT  CLEAN   AND   IN  GOOD  REPAIR  AND  SEDI- 
MENT MUST  NOT  BE  ALLOWED  TO  ACCUMULATE   IN  THE  BOTTOM,     EMUL- 
SIONS SHOULD  NOT  BE  ALLOWED  TO  ENTER  THE  SEPARATOR  BECAUSE   IT 
HAS  LITTLE,   IF  ANY,  CAPABILITY   IN  BREAKING  THEM.     THE  CAPACITY 
OF  THE  UNIT  SHOULD  NOT  BE  EXCEEDED  BY  ALLOWING  LARGE   VOLUMES 
OF  SURFACE  WATER  TO   DRAIN   INTO   IT  UNLESS   THE  UNIT  HAS  BEEN  DE- 
SIGNED TO  HANDLE  RUN-OFF..     ALSO,   ALKALINE  CHEMICAL  WASTES 
SHOULD  BE  KEPT  OUT  BECAUSE  THEY  HINDER  THE  SEPARATION  OF  THE 
OIL. 


HANDLING  OF  EMULSIONS 


AS  MENTIONED  ABOVE,  EMULSIONS  OF  OIL  IN 
WATER  WILL  NOT  SEPARATE  OUT  BY  GRAVITY  DIFFERENTIAL  AT  A 
PRACTICAL  RATE.     Th I S   IS  BECAUSE  THEY  POSSESS  SOME  DEGREE  OF 
STABILITY.     IT   IS  THEREFORE,  ESSENTIAL  THAT  THEY  SHOULD  BE 
TREATED  PROPERLY   AND  SEPARATELY  BEFORE  THEY  ARE  ALLOWED  TO 
ENTER  THE  MAIN  DRAINAGE  SYSTEM.     A  NY  EMULSION  DISCHARGE   INTO 
THE  MAIN  DRAINAGE  SYSTEM   IS,   IN  MOST  CASES,  BEYOND  CONTROL. 

THE  PROBLEM  OF  BREAKING  EMULSIONS   IS  PRACT- 
ICALLY AN   INDIVIDUAL  ONE  WITH  EACH  PLANT  BECAUSE  OF  THE  FACT 
THAT  EACH   PROCESS  AND   EACH  TYPE  OF  CRUDE  HAS  A  DIFFERENT  EFFECT 
ON  THE  CHARACTER  OF   THE  EMULSION.     THEREFORE,  NO  SINGLE  PRO- 
CEDURE OR  METHOD  CAN  BE  OUTLINED  FOR  ALL  CONDITIONS.     HOWEVER, 
SOME  PROCESSES  WHICH  HAVE  PROVED  EFFECTIVE  MAY  BE  DESCRIBED. 


If  THE 
IT  MAY   BE  SEGREGATED  AND  HEATED. 
IF   THEY  ARE  HEATED  TO  SOME   I80°F. 
TO  ADJUST  THE  PH  AT  THIS  STAGE  AS 
RANGE  FOR  BREAKING  ANY  EMULSION. 
PERIMENTALLY   IN  THE  LABORATORY. 


volume  to  be  handled  is  not  too  large 
Many  emulsions  can  be  broken 
It  may  also  be  beneficial 
there  is  usually  an  optimum 
This  may  be  determined  ex- 


Another  way  of  ridding  water  of  relatively 
small  amounts  of  emulsified  oil  is  to  add  a  floc  to  the  water. 
This  floc  picks  up  the  oil  and  settles  out  leaving  a  clear 
effluent  of  very  good  quality.    An  example  of  this  is  the  use 
of  ferric  sulphate  and  lime  to  generate  a  floc  of  ferric  hydro- 
xide.    THE.  EFFLUENT  FROM  A  PROPERLY  OPERATED  SYSTEM  OF  THIS 
TYPE  WILL  CONTAIN  ABOUT  TWO  PARTS  PER  MILLION  OF  OIL  OR  LESS, 
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However,  the  settled  floc  is  a  sludge  which 

WASTE  WHICH   POSES   ITS  OWN  DISPOSAL  PROBLEM, 


IS,   IN  TURN,   A 


The  API  Manual  contains  suggestions  for  a 

LABO**TORY  PROCEDURE  TO   BE  USED   IN  EVALUATING  VARIOUS  CHEMICAL 

solutions  as  emulsion  breakers. 


CHEMICAL  WASTES 

Chemicals  may  find  their  way  into  the  waste 

WATER   FROM  THE   PETROLEUM  PRODUCTS  AND  FROM  THE  CHEMICAL   AGENTS 
USEO   IN   TREATING  THESE   PRODUCTS.     NOT  MANY  YEARS  AGO   IT  WAS 
THE   REFINER'S   PRIME  CONCERN   TO   MAINTAIN  THE  REFINERY   EFFLUENT 
WATER  FREE   OF   OIL   AND   SEDIMENT.     To-DAY   IT   IS  EQUALLY   IMPORT- 
ANT AND   IN  SOME  CASES  MORE   IMPORTANT  THAT  CERTAIN  CHEMICAL 
WASTES   BE   KEPT   OUT   OF  THE   WASTE  WATER  AND   TREATED  BEFORE   LEAV- 
ING THE  REFINERY.     WlTHIN  THE  LAST  TWO  OR  THREE  YEARS  MANY 
NEW  REFINERY   INSTALLATIONS   INCLUDE   RATHER  EXTENSIVE  FACILITIES 

for  treating  the  most  troublesome  of  these  wastes. 

The  two  wastes  under  this  classification 
WHICH  are  receiving  the  most  attention  at  the  present  time 
are  spent  caust 


C  AND  PHENOLS  OISSOLVED   IN   THE  EFFLUENT  WATER. 


HANDLING  OF  SPENT  CAUSTIC  SODA  SOLUTIONS 

It  is  ALMOST  UNIVERSAL  practice  FOR  refiners 
TO  WASH  THEIR   GASOLINES  WITH   AN  AQUEOUS  SODIUM  HYDROXIDE  SOL- 
UTION.   This  solution  then  contains  sulphides,  mercaptides, 

PHENOLATES,   AND  SMALLER  AMOUNTS  OF   OTHER   OBJECTIONABLE  CHEMIC- 
als in  addition  to  some  unused  caustic  soda. 

The  manner  in  which  the  spent  caustic  is 
disposed  of  depends  upon  various  factors  such  as  the  nature  of 

THE  SOLUTION,   THE  AMOUNT   OF  DILUTION   AVAILABLE,   THE   CHARACTER- 
ISTICS OF  THE   STREAM   OR   BODY   OF  WATER   INTO  WHICH   THE   EFFLUENT 
WILL   BE   DISCHARGED,   ECONOMIC  CONSIDERATIONS  OF  DISPOSAL,   ETC. 
FOR  THESE  REASONS,  THE  ELECTION  OF  A  SUITABLE  TREATING  METHOD 
IS  LARGELY  A  PROBLEM  WHICH  MUST  BE  SOLVED  BY  THE   INDIVIDUAL 
REFINERY   TO  SATISFY   ITS  PARTICULAR   REQUIREMENTS.     A  FINAL  DE- 
CISION  REGARDING  ANY   PROCEDURE   SHOULD  NOT  BE   REACHED   UNTIL  THE 
EFFICIENCY   OF   THE  METHOD  HAS  BEEN  PROVEN  BY   LABORATORY   TEST. 

Methods  of  disposal  gencrally  available  will  be  discussed  below 
I  m  DISCARDING  W I THOUT  TREATMENT  INTO  THE  REFINERY  SEWERS  - 

IN   GENERAL,   THIS   IS   THE   METHOD   WHICH   IS   NOT   AVAILABLE   TO  MANY 
REFINERS.      A   CAREFUL   STUDY   OF   DILUTION   AND   OF   LOCAL   CONDITIONS 
SHOULD   BE  MADE   BEFORE   ADOPTING  THIS   PROCEDURE. 


2 .    STORAGE  IN  OPEN  PONDS  AND  SUMPS  -  In  some  cases  SP£NT 

CAUSTIC   HAS  BEEN  DISCHARGED   IN  TO  OPEN   PONDS  FOR  DISPOSAL  BY 
SEEPAGE   AND  EVAPORATION.     HOWEVER,   THE  AMOUNT  OF  SPACE   AVAIL- 
ABLE FOR  PONDS   IS  USUALLY   NOT  SUFFICIENT  AND 


THIS  METHOD  CAN  BE 
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APPLIED  ONLY  OCCASIONALLY.     INSTANCES  HAVE  BEEN  REPORTED 
WHERE  SEEPAGE   OF  CAUSTIC  WASTES   INTO  WATER  SANDS  HAVE  BEEN 
RESPONSIBLE  FOR  THE  CONTAMINATION  OF  NEARBY  WATER  SUPPLIES. 

3.    SALE  OF  SPENT  CAUSTIC  FOR  PROCESSING  OUTSIDE  THE  REFINERY 
in  some  instances  this  waste  contains  sulfides,  phenolates, 
cresolates,  etc.  which  are  of  value  to  chemical  processing 
concerns.    Transportation  costs  are  usually  such  that  this 

DEMAND   IS  RESTRICTED  TO  THE   IMMEDIATE  LOCALITY.     HOWEVER, 
THE  FEASIBILITY  OF  SALE  SHOULD  ALWAYS  BE  KEPT   IN  MIND.    PROB- 
LEMS OF  SEGREGATION   AND  HANDLING   MAY   WELL  BE  SUCH   THAT  THERE 
IS  LITTLE  IF  ANY  PROFIT   IN   THE  SALE, BUT   IT  SERVES  AS  A  MEANS 
OF  DISPOSAL  OF  THE  SPENT  SOLUTION. 


4,    PUMPING  DOWN  D I SPOSAL  WELLS  -  In  some  locations  it  may 

BE  PRACTICABLE  TO  DRILL  A  WELL   INTO  SALT  WATER  FORMATIONS, 

and  to  dispose  of  the  spent  caustic  by  pumping  it  down  this 
well.    Local  and  provincial  authorities  should  always  be 
consulted  and  their  consent  obtained  before  this  is  attempted. 
Also,  much  detailed  study  should  be  made  to  make  sure  that 
the  well  will  have  adequate  capacity. 


5.    NEUTRALIZATI ON  -  In  some  cases  spent  sulfuric  acid  may 

BE  AVAILABLE   IN  THE  PLANT.     THIS  MAY  BE  USED  TO  NEUTRALIZE 
THE  SPENT  CAUSTIC.     ThE  GASES  EVOLVED  SHOULO  BE   CONDUCTED 
TO  A  FUME  BURNER  OR  A  FURNACE  WHILE  THE  ACID  OILS  WHICH  SEP- 
ARATE OUT  MAY   BE  DIVERTED  TO  THE  REFINERY   FUEL  TANKS.     THE 
REMAINING  LIQUID  MAY   USUALLY   BE  DISCHARGED  TO  THE   REFINERY 
SEWER  SYSTEM. 


6. 
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NEUTRALIZATION  WITH  FLUE  GAS  -  Flue  gas  may  be  used  to 

PENT  CAUSTIC, AND  THIS  PROCESS   IS   FINDING  MUCH 
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ripped  out  and  the  resulting  sour 
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eparate  from  the  carbonate  solution,  and  they  may 

to  the  refinery  fuel  system.    the  resulting  liquid 

bonates,  b  i  carbonates  ,  sulfates,  sulfites,  thio- 

d  is  usually  suitable  for  discharge  with  the  efflu- 

nless  its  oxygen  demand  is  sufficient  to  be  of 


PHENOLIC  WASTES 


IN   RECENT  YEARS  THE   PRESENCE   OF   PHENOLIC 
COMPOUNDS   IN   THE  EFFLUENT  WATERS  OF  REFINERIES  HAS  ATTRACTED 
MUCH  ATTENTION.     ThIS   IS  BECAUSE   THE  PRESENCE   OF   ONLY   A  FEW 
PARTS   PER  BILLION   IN  CHLORINATED  DRINKING  WATER  HAS  A  VERY   BAD 
EFFECT  ON   THE  TASTE. 
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Several  methods  are  available  for  treating 
THE  phenols.    The  best  known  are  biological  oxidation,  the 

USE  OF   OZONE,   TREATMENT  WITH  CHLORINE,   OR  TREATMENT  WITH 
CHLORINE  DIOXIDE.     RECENTLY   PUBLISHED   INFORMATION   (l)   SHOWS 
THAT  BIOLOGICAL  OXIDATION   IS  BY  FAR  THE  CHEAPEST  METHOD  WHEN 
COSTS  ARE  COMPUTED  ON  THE   BASIS  OF  COST  PER  POUND  OF  PHENOL 
DESTROYED.     THIS  TYPE  OF  UNIT  HAS  RECENTLY  BEEN   INSTALLED 

in  some  Canadian  Refineries. 

The  phenolic  waters  are  fed  to  trickling 
filters.    Adequate  cultures  of  the  required  bacteria  are 
usually  available  from  raw  water  or  cultivated  soil.    tem- 
peratures must  be  controlled  and  chemicals  added  if  ammonia, 

PHOSPHATES  AND  NITRATES   ARE   NOT   PRESENT   IN   THE  FEED  WATER. 


DISPOSAL  OF  WASTE  GASES 

Troublesome  waste  gases  may  contain  hydro- 
gen  SULFIDE  AND   VARIOUS  OTHER  SULFUR  COMPOUNDS,   PARTIALLY 
OXIDIZED  HYDROCARBONS,  ETC.     THESE  GASES  CAN  USUALLY  BE 
HANOLED  BY  CONFINING   THEM   IN  A  CLOSED  SYSTEM  AND  THEN  PROCE- 
EDING  IN  ONE   OF   THREE  WAYS.     THEY  MUST   BE  BURNED   IN  THE 
FURNACE  CHAMBER  OF  AN  EXISTING  FURNACE,  BURNED   IN  A  SPECIAL- 
LY BUILT  WASTE-GAS  FURNACE,   OR  DISPOSED  OF   IN  A  STACK  WITH 
THE  FLUE   GAS  FROM  ANY  FURNACE.     THE   OETAILS  OF   THE  SYSTEM 
WILL  DEPEND  UPON  THE  EQUIPMENT  AVAILABLE   IN  THE  REFINERY. 

RECENTLY  THE  CATALYTIC  COMBUSTION  OF  WASTE 
GASES   (2)   HAS  RECEIVED  SOME  ATTENTION.     0 X Y -C A T ALY S T  ,   INC., 

of  Wayne,  Pa.,  has  a  new  combustion  catalyst  available.   In 
brief  any  partially  oxidized  gas  such  as  carbon  monoxide  can 
be  completely  oxidized  and  the  heat  liberated  can  be  used  to 

PRODUCE  STEAM.     IT  WOULD   SEEM  LIKELY  THAT  THIS  TYPE  OF 
EQUIPMENT  WILL  FIND   INCREASING   USE   IN   THE   FUTURE. 


References: 
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MUNICIPAL  BY-LAWS  AND  INDUSTRIAL  WASTES 


-  BY  - 


E.  G.  HACKBORN 


Design  and  Sanitation  Engineer 
Kitchener*  Ontario 


INTRODUCTION; 

Sewage  sollection  systems  and  t-eatment 
plants  are  probably  the  most  abused,  through  misuse,  of  all 

PUBLIC  UTILITIES.     Th E  CAUSES  OF  THIS  SITUATION  ARE: 

(a)  The  disregaro  for  their  limitations  and  capacities 
ano  the  misbelief  that  a  sewer  can  carry  away  any 
unwanted  substances  or  objects,  and  that  the  sewage 
treatment  plants  will  take  care  of  them. 

(b)  A  LACK   OF  REGULATIONS  SETTING  FORTH   THE  USES  AND 
LIMITATIONS  OF  THE  SYSTEM. 

(c)  The  failure  of  municipal  authorities  to  enforce 

WHAT  REGULATIONS  PREVAIL. 

NO  DOUBT  ONE  OF  THE  PURPOSES  OF  THIS  CON- 
FERENCE IS  TO  MAKE  MUNICIPAL  OFFICIALS  AND   INDUSTRIAL  ORGAN- 
IZATIONS MORE  CONSCIOUS  OF  THE   IMPORTANCE  OF  CONTROLLED 
USAGE  OF  PUBLIC  SEWERS  AND  SEWAGE  TREATMENT  PLANTS.     I  HOPE 
THAT   IN  THIS  PAPER   I   MAY  TOUCH  BRIEFLY  ON  SOME  OF  THE  FUND- 
AMENTAL  REQUIREMENTS  OF  AN  ORDINANCE  ESSENTIAL  TO  PROPER 
CONTROL,     THE  AOOPTION  OF  SUCH  AN  ORDINANCE   IS  THE  FIRST 
REQUIREMENT   IF  THE   INTENDED  USAGE   IS  TO  BE  REALIZED. 

FOR  YEARS   THE  DISCHARGE  OF   INDUSTRIAL 
WASTES   INTO  SEWERS  AND  STORM  DRAIN  SYSTEMS  HAS  BEEN  PERMITTED 
BY  MUNICIPALITIES  WITH  VERY  LITTLE   REGARD  FOR  THE  POSSIBIL- 
ITY  OF  MENACE  TO  PUBLIC  HEALTH  AND  SAFETY,   POTENTIAL  DAMAGE 
TO  THE  SYSTEM  OR   INCREASED  COST  OF  MAINTENANCE  AND  OPERATION. 
NO  DOUBT  CITIES  HAVE  OFFERED  THEIR  DISPOSAL  FACILITIES  TO 
INDUSTRIES   IN  ORDER  TO   INDUCE  THEM  TO  ESTABLISH  ANO  BUILO   IN 
THEIR  CITIES.     PROBABLY  AT  THE  TIME  OF  THIS   INDUCEMENT  THEY 
HAO  LITTLE  KNOWLEDGE  OF  THE  VOLUME,  CHARACTER  OR  EFFECT  OF 
THE   INDUSTRIAL  WASTE  UPON  THEIR  SEWERS  ANO  DRAINS,  OR  THE 
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operation  of  their  sewage  treatment  plants. 

In  many  cases  the  results  have  been  serious, 
both  to  the  community  and  the  industry.   many  cities  have  been 
force!  to  install  sewage  treatment  plants  to  prevent  pollution 
of  rivers  and  streams,  and,  too  frequently,  industrial  wastes 
have  caused  deterioration  of  the  structures  and  interference 
with  sewage  treatment  processes.    consequently,  there  is  an 
unjustifiable  increase  in  maintenance  and  operating  costs. 
There  is  a  serious  hazard  to  workmen  because  of  toxic  gases 

AND  EXPLOSION  HAZARDS   IN  SEWER  MAINS.     On  THE  OTHER  HAND, 
INDUSTRIES  HAVE  BEEN  SLOW  TO   REALIZE  THE  POSSIBILITIES  OF  BY- 
PRODUCTS FROM  THE  WASTE  THEY  DISCHARGE.     SOME  I NDUSTRl ES  HAVE 
RECTIFIED  THIS  CONDITION,  OTHERS  ARE  STILL  WASTEFUL. 
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Sewer  clogging  is  usually  due  to  the  accum- 
ulation OF  CREASE,  ROOTS  AND  MISCELLANEOUS  DEBRIS.     GREASE  IS 
OFTEN  THE  WASTE  FROM  PACKING  MOUSES,  TANNERIES,  BAKERIES,, 
HOTEL  KITCHENS,   ETC..     HEAVY  GRITTY  MATERIALS  FROM  'BUS  COMP- 
ANIES' WASH  RACKS  OR  EVEN  SERVICE  STATIONS  HAS  ALSO  BEEN 
KNOWN  TO  CAUSE  CLOGGING.     LARGE  AMOUNTS  OF  HAIR  FROM  TANNERIES 


■ 
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feathers  from  poultry  establishments,  wool  fibres  from  textile 
plants,  spent  grain  from  breweries  have  caused  many  instances 
of  clogging,  not  only  in  the  sewers  but  throughout  the  treatment 
plants  as  well.    kitchener  has  experienced  difficulties  with 
every  one  of  those  mentioned,  probably  to  a  greater  extent  at 
its  sewage  treatment  plants  than  in  the  sewers  themselves. 
However  a  48  inch  trunk  sewer,  built  in  1912,  has  had  its  effec- 
tive DIAMETER  REDUCED  TO  LESS  THAN  3  FEET  AND   ITS  VELOCITY  TO 

only  a  few  feet  per  minute  because  of  the  accumulation  of  hair 
on  the  walls  of  the  sewer.    this  hair  has  been  coated  with 
chemical  salt  deposits  which  give  jt  a  fabric-like  protection, 
making  cleaning  possible  only  by  mechanical  means. 

Serious  overloads  have  been  causeo  by  the 
discharge  of  great  quantities  of  process  water  and  cooling 
water  into  municipal  sewers. 

the  effects  on  sewage  treatment  processes 
are  many.    acid  pickling  liquors  have  caused  very  low  ph 
values.    Hair  has  caused  severe  clogging  as  well  as  the 
formation  of  thick  mats  of  scum  in  the  tops  of  digesters. 
Greases  from  packing  houses  and  tanneries  have  caused  clogging 
OF  pipe  lines,  diffuser  plates  and  other  elements  of  a  plant, 
not  to  mention  the  effects  of  extremely  high  b.o.o.  and  sus- 
pended solid  ratings  of  some  industrial  wastes. 

There  may  be  benefits  from  some  of  these 
factors.    However,  they  never  outweigh  the  additional  cost 
of  treatment  and  facilities.    Therefore,  gas  production  from 
Kitchener's  sewage  is  more  than  twice  that  of  normal  domestic 
sewage  because  of  the  high  solids  content.    On  the  other  hand 
an  extremely  high  load  of  solids  requires  greater  digester 
capacity  for  its  reduction  to  inoffensive  sludge.    if  is  true 
sludge  may  be  sold,  but  it  is  difficult  to  realize  a  profit 
from  such  an  operation. 

The  municipal  sewage  systems  and  treatment 
facilities  must  be  protecteo  from  extreme  overloads  and  the 
other  forms  of  misuse  just  mentioned.    a  sound  ordinance  can 
be  beneficial  to  both  the  industry  and  the  municipality  by  way 
of  making  possible  maximum  use  of  the  public  facilities  for 

ALL  WASTES  WHICH  CAN  BE  HANDLED  EFFECTIVELY.     It   IS  DOUBTFUL 
WHETHER  ANY  MUNICIPALITIES  HAVE  ANY  REGULATIONS  AT  ALL,  AND, 
IF  THEY  DO,  WHETHER  THEY  ARE  UP-TO-DATE  AND   ADEQUATE,   OR 
WHETHER  THEY  ARE  PROPERLY   ENFORCED  TO  BRING  ABOUT  THEIR  EFFECT- 
I VENE3S. 
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might  not  be  fair  in  all  cases  and  allows  judgement  to  prevail. 
Some  specific  limits  and  permissible  variations  of  waste  chara- 
cteristics ARE,  THEREFORE,  DESIRABLE,  EVEN  IN  ORDINANCES  FOR 
SMALLER  MUNICIPALITIES  SINCE  SUCH  AN   INCLUSION  OFFERS  GUIDANCE 
AND  SJPPORT  TO  THE  MUNICIPAL  AUTHORITY  RESPONSIBLE  FOR  ENFORCE- 
MENT. 

it  is  not  fair  to  eliminate  all  industrial 
discharges  in  sewers  since  they  are  not  all  objectionable. 
However,  this  utility  (the  sewage  system  and  the  treatment 
facilities)  should  be  used,  maintained  and  operated  in  the 
public  interest,  making  it  unwise  to  permit  usage  of  the  works 
which  would  result  in  either  physical  damage,  operational 
difficulties  or  excessive  maintenance  costs'*,    as  mentioned 
these  limitations  are  often  overlooked  completely  because  of 
the  desire  to  protect  an  industry  for  the  beneficial  effects 
to  taxes  and  payroll, 

There  are  three  methods  of  handling  this  problem,  namely: 

1.  The  City  accepts  all  waste  and  assumes  full  responsibility 
for  its  treatment,  either  at  its  own  expense  or  with 
special  charges  to  industry; 

2.  The  City  rejects  all  ikdustrul  waste  and  holds  industry 
fully  responsible  for  its  treatment  and  disposal; 

3.  a  combination  of  the  two  whereby  industrial  wastes  are 
controlled  and  modified  at  the  source  rendering  them 
acceptable  into  the  c  i  ty  '  s  sewers. 
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Industry  would  rather  see  the  first  method 
e  they  are  interested  in  manufacture  and  not 

would  rather  pay  the  municipality  than  treat 
This  is  unfair  to  the  general  public  since 
treatment  plants  are  usually  designed  to 
lumes  and  strengths  of  sewage  and  should  not 

serve  industry,  which  often  causes  a  failure 
prime  function.    as  just  mentioned  it  is  not 

all  industrial  wastes,  so  why  not  admit 
0  more  objectionable  than  domestic  sewage, 

points  to  the  need  for  preliminary  treatment 
0  fulfill  method  no.  3,  i.e.  to  render  the 


Wastes  which  are  extremely  dangerous  because 

OF   THEIR  FLAMMABLE  NATURE,   OR   FOR  ANY   OTHER   REASON   THAT  WOULD 
CAUSE  SERIOUS   PHYSICAL  DAMAGE  TO  COLLECTION  OR  TREATMENT  FAC- 
ILITIES,  SHOULD  BE  EXCLUDED  ENTIRELY.      If  SUCH   A  MOVE  WERE 
ACCEPTABLE,   COSTS  OF  TREATMENT  BY  MUNICIPALITIES  WOULD  BE   IN 
LINE  WITH   THE  COST  OF  TREATING  NORMAL  DOMESTIC  SEWAGE,  AND 
INDUSTRY  WOULD  HAVE  TO  BEAR  THE  COST  OF  P R E T RE  A TM E NT  ,   IF 
NECESSARY,   OR  OTHER  MEANS  OF  DISPOSAL  IF   THE  WASTE   IS  EXCLUDED. 


A  DISCUSSION  OF  CHARGES  FOR  SUCH  A  SERVICE 
IS  NOT  WITHIN  THE  SCOPE  OF.  THIS  PAPER,  NEVERTHELESS  THE  EST- 
ABLISHMENT OF  PROPER  REGULATIONS  PROVIDES  THE  BASIS  FOR  FAIR 
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ECONOMIC   CONSIDERATIONS  SINCE   PRACTICALLY  ALL  WASTES  ENTER- 
ING THE  SYSTEM  WILL   BE  EQUALLY   ACCEPTABLE  AND  FOR  ECONOMIC 
PURPOSES  PRACTICALLY   EQ.UAL   IN  EFFECT, 
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IT  IS  FELT  THAT  THE 
SHOULD  BE  INTERESTED  IN  DRAFTING  A  8  Y  - 
IN  THEIR  INTEREST  TO  BE  ABLE  TO  CHOOSE 
WITHIN  THE  GENERAL  METROPOLITAN  AREA  0 
MAY  LOCATE  WITH  A  MINIMUM  OF  SEWER  PRO 
HAVE  A  REPRESENTATIVE  ON  SUCH  A  COMMIT 
ESTEO  IN  SERVING  THE  COMMUNITY.  INDU 
BARRED  FROM  THE  USE  OF  MUNICIPAL  FACIL 
HOWEVER,  THAT  IN  MOST  CASES  THEY  00  NO 
AGES  FOR  THEMSELVES.  FROM  PAST  EXPER 
CITIES  POLLUTION  ABATEMENT  BY  STRICT  G 
POOR  PUBLIC  RELATIONS.  Th IS  ALSO  APP 
OF  INDUSTRIAL  WASTE  OVERLOAD  I  tIGS  ,  AND 
REARCH,  THE  EXCHANGE  OF  'KNOW-HOW'  AND 
GOODWILL,  AS  WELL  AS  AN  INTELLIGENT  AG 
PART  OF  INDUSTRY,  WILL  GO  FAR  IN  THE  E 
ABLE  ORDINANCE.  PROOF  OF  THIS  STATEM 
THE  INDUSTRIAL  WASTES  CONFERENCE  HELD 
1949,  WHERE  THE  FOLLOWING  REASONS  WERE 
LABORATION  IN  EVIDENCE  IN  MANY  CITIES 
INDUSTRIAL  WASTES  ORDINANCE. 
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I.     THE  UNREASONABLE  ATTITUDE 
ACCEPT  NOR.MAL  WASTES; 


OF  THE  MUNIC I P AL I TY  TO 
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2.  Improper  preliminary  analysis  of  industrial  wastes 
ano  plant  conditions; 

3.  Non-familiarity  with  industrial  operations; 

4.  a  poor  ordinance.   no  delineation  of  characteristics 
of  acceptable  wastes; 

5.  Stubbornness  in  accommodating  certain  wastes  by  the 
sewage  treatment  plant  personnel; 

6.  Poor  control  by  industry  over  p re-treatment  or 
failure  to  give  prompt  notice  to  the  municipality 
of  accidental  losses  due  to  breakdowns,  etc.; 

7.  Unwillingness  of  industry  to  bear  costs  of  pre- 
tre atment ; 

8.  Lack  of  interest  by  both  parties  in  each  others 
problems,  often  compounded  with  suspicion  ano 

m  i  st rust. 


Let  us  bear  these  in  mind  if  we  are  faced 
with  the  preparation  or  enforcement  of  municipal  ordinances 
on  industrial  wastes. 

The  composition  or  an  industrial  waste  by- 
law WILL  VARY   IN  EACH  MUNICIPALITY  AND  THIS  PARTICULAR  SECTION 
WILL  BE  ONE  OF  THE  MANY   IN  A  COMPLETE  SEWER  ORDINANCE  PROPERLY 
INTRODUCED  AND  PROVIDING  PENALTIES  FOR  VIOLATION.     Th I S  DOC- 
ument should  also  define  all  terms  used  therein  in  order  to 
eliminate  differences  of  interpretation  that  might  result  in 
dispute  or  litigation. 

six  main  points  to  consider  when  formulat- 
ing an  industrial  waste  standard  are  as  followsl- 

1.  Method  of  collection 

2.  Segregation  of  unwanted  wastes 

3.  Wastes  causing  structural  damage 

4.  Waste  containing  oils  and  greases 

5.  Wastes  with  high  B.O.O. 

6.  Toxic  wastes. 


TO  FACILITATE  TESTING  AND  CONTROL  INDUSTRIAL 
WASTES   SHOULD  BE  SEGREGATED  AT  LEAST  TO  A  POINT  WHERE  SAMPLING 
IS  POSSIBLE.     IT  IS  SUGGESTED  THAT  A  CONTROL  MANHOLE  BE  PRO- 
VIDED WHERE   INDUSTRIAL  WASTES  ENTER  THE  MAIN  SEWER.     OFTEN 
IT   IS  BEST  TO  SEGREGATE   INDUSTRIAL  WASTE   FROM  THE   SANITARY 
SEWAGE  ARISING   IN  A  PLANT.     THIS  WOULD  PERMIT  CONTROL  OVER 
INDUSTRIAL  WASTES  DISCHARGED,  BY  WAY  OF   PERMITTING  SUSPENSION 
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WITHOUT  DEPRIVING   THE   PLANT  OF   ITS   SANITARY  FACILITIES. 
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OILS  AND   GREASES   ARE   BECOMING  MORE  SERIOUS 
WITH  THE   INCREASEO  USE  OF  DETERGENTS  AND  EMULSIFIED  AGENTS   IN 
THE  HOME  AND   INDUSTRY.     THE  SANITATION  DISTRICT  OF  LOS 

Angeles  County  classifies  oils  and  greases  as  either  floating 
or  disperseo  and  limits  floatable  oils  to  10  p. p.m.    however, 
the  emulsion  must  be  stable  and  not  be  broken  by  further  dil- 
utions and  further  ph  changes. 

Several  limitations  have  been  set  on  B.O.O's. 


0,17  LBS.   PER  CAPITA   IS  THE  NORMAL  CONTENT 
FOR  DOMESTIC   SEWAGE.     Th I S  WOULD  VARY,   OF  COURSE,  WITH  WATER 
CONSUMPTION,   BUT  WOULD  BE  EQUIVALENT  TO  APPROXIMATELY  200 
PARTS  PER  MILLION  BASED  ON  100  GALLONS  PER  CAPITA  DAILY  FLOW, 
IT  HAS  BEEN   SUGGESTED  THAT  300  P. P.M.  WOULD  BE  A  REASONABLE 
MAXIMUM.     BY  THE  SAME  APPROACH  350  P. P.M.  SUSPENDED  SOLIDS 
IS  A   REPRESENTATIVE  CONTENT. 

S8ME  OPINIONS  URGE  CAUTION   IN  ASSESSING  SUCH 
OVERLOAD  FACTORS  TO   INDUSTRY   SINCE   THE   VALUE  OF  THE   PRODUCT 
AND  THE   tNOUSTRY  TO  THE  COMMUNITY   IS   IMPORTANT.      It   IS  GEN- 
erally agreed  therefore,  that  decisions  regarding  overloads 
of  this  nature  be  left  to  the  judgement  of  the  superintendent 
of  Sewage  Treatment.    He  may  approve  or  disapprove  of  wastes 
containing  higher  concentrations,  a  special  surcharge  being 
imposed  i  <="  wastes  can  be  better  handled  at  the  sewage  treat- 
MENT plant.    Nevertheless,  limits  should  be  set  to  different- 
iate BETWEEN  INDUSTRIAL  AND  DOMESTIC  SEWAGE.     Th I S  FLEXIBLE 
AND  FAIR  ARRANGEMENT   IS  FELT  TO  BE  MOST  PRACTICAL. 

Toxic  wastes,  that  is  those  containing  gas- 
oline, FLAMMABLE  GASES,  CLEANING  COMPOUNDS  AND  ALL  CYANIDES 
SHOULD  BE  CONTROLLED.     CALIFORNIA  HAS  SET  A  LIMIT  OF   10  P.P.M, 
OlSCHARGE   OF   PHENOLS  HAS  DRAWN  MUCH   CONCERN   FROM  THE  CITY  OF 
BRANTFORD  AND  WILL   INVOKE   CRITICISM   IN  MOST  WATER  WORKS  SUPER- 
INTENDENTS.    LIMITATIONS  FOR  TOXIC  WASTES  VARY  CONSIDERABLY, 
HOWEVER,  DEPENDING  UPON  THE  END  TYPE  OF   DISPOSAL. 
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Some  substances  are  toxic  to  biological 
3  € wage  treatment  processes,  others  produce  deadly  poisonous 
hydrocyanic  acid  gas.    these  substances  dictate  rigid  con- 
trolling or  limiting  regulations. 

the  foregoing  has  covered  very  briefly  the 
limitations  which  seem  necessary  in  excluding  industries1 
very  potent  wastes  from  municipal  sewage  treatment  plants. 
There  is  need  for  much  detailed  study,  however,  before  any 
particular  municipality  can  write  an  ordinance  which  will  be 
as  practicable  as  possible. 

Before  closing  a  few  points  on  enforcement 
and  penalties  might  be  made.  proper  enforcement  is  essent- 
ial if  the  ordinance  is  to  fulfill  its  intended  purpose.   in 

LARGER  CITIES  WHERE  SEWAGE  COLLECTION  AND  TREATMENT  A  RE  UNDER 
ONE  DEPARTMENT,   THE  HEAD  OF  SUCH   DEPARTMENT   IS  USUALLY  THE 
ONE  TO   ENFORCE  SUCH.     THE  FEDERATION  OF  SEWAGE  WORKS  ASSOC- 
IATIONS SUGGESTS  THAT  FULL  RESPONSIBILITY  BE  DELEGATED  TO  ONE 
INDIVIDUAL  WHO  MIGHT  BE  TITLEO  SUPERINTENDENT   OF  SEWAGE  WORKS, 
In  SMALLER  MUNICIPALITIES  HE  MAY  HAVE  TO  CALL  UPON  THE  SER- 
vices of  a  capable  consulting  sanitary  engineer  or  chemist. 

it  is  necessary  to  decide  upon  a  maximum 
penalty  that  would  serve  to  deter  wilful  continued  or  occas- 
ional violation  by  an  offender  who  might  find  payment  of  the 
penalty  less  expensive  than  compliance.  those  set  forth  in 
various  ordinances  vary  from  a  minimum  of  $1.00  to  a  maximum 
of  $500.00.    a  maximum  of  $200.00  has  been  suggested. 

Prosecution  procedure  is  provided  for  auto- 
matically WHEN   THE  ORDINANCE  RECEIVES   ITS  OFFICIAL  PASSAGE   IN 
THE  MUNICIPALITY.     HOWEVER,   IT  WOULD  BE  BEST  THAT  A   NOTICE 
OF   VIOLATION  FIX  A  DEFINITE  TIME  LIMIT   FOR  CORRECTION   OF   THE 
OBJECTIONABLE  CONDITION.     Th I S  WOULD   BE   BEST   VARIED   TO   SUIT 
THE  NATURE   AND   THE  EXTENT  OF   THE   NECESSARY   IMPROVEMENT. 


* 
*** 

******* 

********* 

*********** 

********* 

******* 

***** 

*  ** 

* 
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THE  INCIDENCE  OF  N URATES 


IN  RURAL  ONTARIO  WELL  WATERS 


-  By  - 


R.  A.  JOHNSTON 

Department  of  Bacteriology 
Ontario  Agricultural  College 

Guelph,  Ontario 


For  several  years  the  Department  of 
Bacteriology  of  the  Ontario  Acri cultural  College  has  been 
testing,  on  request,  water  samples  submitted  from  rural  home 
and  school  wells.    This  testing  has  been  of  a  bacteriolog- 
I  cal  nature  only  . 

In  1950  our  attention  was  drawn  to  the  in- 
cidence of  methaemoglobi nemi a  which  had  been  caused  by  the 

HIGH  NITRATE  LEVEL  OF  WELL  WATERS  USEO  IN  INFANT  FEEDING,  A 
SUBSEQUENT  SEARCH  OF  THE  LITERATURE  REVEALED  THAT  SURVEYS  OF 
NITRATE  BEARING  WATERS  AND  REPORTS  OF  CASES  OF  ME T H A EMOCLOB- 
INEMIA  WERE  AVAILABLE  FROM  SEVERAL  STATES   OF  THE  UNITED  STATES 

(2,4,5,6,8,1 1,12,14,15,16,17),  three  provinces  of  Canada  (I, 

9,10,13),  AND  ALSO  FROM  BELGIUM  AND  ENGLAND.  The  CONDITION 
IS  APPARENTLY  WIDESPREAD   IN  THE  UNITED  STATES  AND  CANADA. 

This  new  interest  in  nitrate  levels  of 
water  supplies  began  in  1945  after  the  observations  of  comly 

(4) .     IT  WAS  HE 


WHO  HAD  FIRST   ASSOCIATED  THE  HIGH  NITRATE 


level  of  the  water  supply  w 
in  two  infants  of  18  and  27 
cases  have  been  reported, 
reported  in  saskatchewan  in 
case  the  nitrate  content  of 
1320  p. p.m.  Cases  have  also 
erta,and  Oryden,  Ontario. 


th  the  methaemoglobi nemia  observed 
days  olo.    Since  this  time  many 
The  first  fatal  case  in  Canada  was 
1948  (9),    In  this  particular 
the  well  water  was  reported  to  be 
been  observed  in  manitoba,  a  l  b  - 


CASES  OF  METHAEMOGLOBI NEMI A   IN  LIVESTOCK, 
CAUSED  BY  THE  CONSUMPTION  OF  WATER  CONTAINING  HIGH  CONCENTRA- 
TIONS  OF  N I TRATES, 


HAVE  ALSO  BEEN   REPORTED.    (3,18,19) 


Because  of  the  possible  relationship  to  both 
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HUMAN   AND   ANIMAL  HEALTH   IN   RURAL  AREAS,   AND  BECAUSE  OF  THE 

apparent  paucity  of  information  concerning  nitrate  levels 
in  Ontario  waters,  it  was  oecioeo  to  conduct  this  survey. 
In  1950,  1951,  and  1952,  this  was  conducted  on  a  limited 
SCALi  .    In  1953  ALL  water  samples  submitted  for  routine 
BACTERIOLOGICAL  EXAMINATION  WERE  SUBJECTED  TO  SCREENING 
TESTS  FOR  NITRATE  AND  NITRITE  CONTENT.     Th I S  SAME  YEAR  A 
NUMBER  OF  WELL  WATERS  WERE  SELECTED  FOR  PERIODIC  EXAMINAT- 
ION OVER  A   PERIOO  OF  AT  LEAST  ONE  YEAR. 


METHODS 
At  the  beginning  of  the  survey  various 

CHEMICAL  AND  BACTERIOLOGICAL   TESTS  WERE   CONDUCTED   ON   EACH 

sample.    After  examining  more  than  100  samples  in  this 

MANNER,   IT   WAS  THOUGHT   THAT  THE   INFORMATION  GAINED  RELATIVE 
TO  THE   INCIDENCE  OF   NITRATES  WAS  OF  LITTLE  VALUE,   AND   THESE 

tests  were  abandoned* 

The  spot  test  for  nitrates  was  the  dipheny- 
lam i  ne-sulphur  i  c  acid  method.    it  was  established  that  this 
test  would  detect  as  little  as  0.5  -  1,0  p.p.m.  of  nitrate 
nitrogen.    Those  samples  which  gave  a  positive  test   were 
then  subjected  to  the  quantitative  p h e no l0 i su l f 0 n i c  acid 

TEST  FOR  NITRATES   (20).     READINGS  WERE  MADE  BY  MEANS   OF  A 
SPECTROPHOTOMETER,   ANO  THE   AMOUNTS  DETERMINED  FROM  A  STAND- 
ARD  CURVE. 


BECUASE  OF   THE   INTERFERENCE   AND   POSSIBLE 
FALSE   POSITIVE   REACTIONS,   ALL  WATER  SAMPLES  WERE  SPOT  TESTED 
FOR  NITRITE  CONTENT  BY   MEANS  OF  TrOMMSDORF'S   REAGENT.    T  H  I  S 
TEST  WAS  SENSITIVE  TO  0.5-1.0  P. P.M.   OF  NITRITE  NITROGEN. 


' 


Samples  from  the  wells  selected  for  period- 
ic  EXAMINATION  TO  DETERMINE   THE  FLUCTUATION   IN   NITRATE  NITRO- 
GEN  CONTENT  WERE  SUBJECTED  TO  THE  QUANTITATIVE  PHENOLO I  SULFON- 
IC  ACID  TEST  AND  THE  SPOT   TEST  FOR  NITRITES,     ALL   SAMPLES 
WERE   TESTED  FOR  BACTERIOLOGICAL  EVIDENCE  OF  POLLUTION   IN  THE 
USUAL  MANNER. 

OBSERVATIONS 


18.8  PER 

ROSEN  . 


GENERAL  SURVEY 
(a)   DUG  WELLS  -  Examination  of  Table  I  reveals  that 

ALMOST   HALF   OF   THE   SAMPLES  FROM  DUG 
WELLS  CONTAINED  LITTLE  OR   NO   NITRATE; 
CENT  CONTAINED  MORE  THAN   10  P. P.M.   OF   NITRATE   N  I  T  - 
THE  HIGHEST  LEVEL  DETECTED  WAS   196  P. P.M. 


Seventeen  per  cent  of  the  0-1  p. p.m.  nitrate 
nitrogen  group  registered  positive  bacteriological  evidence 
of  pollution;   18.4  per  cent  of  the  1-10  p. p.m.  group;   38,2 
per  cent  of  the  lt-20  p.p.m.  group;  and  22.2  per  cent  of  the 

21-30  P.P.M.   GROUP.     TWO  OF   THE   SAMPLES   CONTAINING   MORE   THAN 
100  P.P.M.   ALSO  WERE   POLLUTED.     TWENTY-NINE   PER  CENT   OF  THOSE 
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WATER  SAMPLES  CONTAINING  MORE   THAN   10  P. P.M.  WERE   POLLUTED. 

(b)  DRILLED  WELLS  -  Examination  of  Table  II  reveals 

THAT  80  PER  CENT  OF  THE   SAMPLES 
FROM  DRILLED  WELLS  CONTAINED  LITTLE 
OR  NO  NITRATE.     Of  THIS  GROUP  5.75  PER   CENT  WERE  POLLUTED. 

Five  per  cent  of  the  drilled  well  samples  contained  over 

10  P. P.M.  nitrate  nitrogen.    Of  this  group  none  was  polluted. 

The  following  data  may  be  of  interest:    a 
drilled  well  107  feet  deep  yielded  water  containing  35  p. p.m. 
nitrate  nitrogen;   one  of  Ii4  feet  depth  contained  25  p. p.m.; 

ONE  OR   120  FEET  CONTAINED  6.5  P. P.M.;   AND  ONE  OF   180  FEET  CON- 
TAINED  17  P. P.M. 

(c)  DUG  AND  DRILLED  WELLS  -  Table  III  is  a  composite 

TABLE   OF   THE   RESULTS   OF   ALL 
WELL  WATER   EXAMINED.   THIR- 
TEEN PER   CENT  OF   THOSE   SAMPLES   CONTAINED  MORE   THAN   10  P. P.M. 
NITRATE  NITROGEN.     TH I RTY - SE V E N  PER  CENT  OF  THOSE   SAMPLES 
CONTAINING  MORE  THAN   10  P. P.M.   NITRATE  NITROGEN  WERE  POLLUTED. 


II 


PERIODIC  EXAMINATION  OF  WELL  WATERS 


Examination  of  Figure  I  reveals  the  fluctu- 
ation IN  NITRATE  NITROGEN  LEVELS  DURING  A  PERIOD  OF  ONE  YEAR, 

These  waters  were  tested  at  the  points  indicated  on  the  graphs 
The  results  of  the  bacteriological  tests  for  pollution  are 
indicated  by  the  positive  and  negative  signs  above  the 
abscissa. 


I  N 


The  term  seasonal  may  not  be  justified 
view  of  the  fact  that  these  waters  have  been  tested  for  a 

PERIOD   OF   ONE  YEAR  ONLY.     THE   FIGURES  MIGHT   NOT   BE   SO   IRREG 
IT   BEEN  POSSIBLE  TO  TEST   AT 


CURES  MIGHT   NOT   BE 

MORE  FREQUENT   INTERVALS. 


ular  had  it  been  possible  to  test  at  more  frequent  inttrvalb. 
Among  the  well  waters  thus  examined,  the  results  from  nine  are 
presented,  and  are  thoucht  to  give  a  fair  representation  of 

THE  FLUCTUATIONS   THAT  APPARENTLY  OCCUR.     THE  WELLS  CHOSEN   ARE 

*  c   cm  I  nucl 


as  follows: 


No. 
No . 
No. 
No. 
No. 
No. 
N  o  . 
No. 
No . 


I 
2 

3 
4 
5 
6 
7 
8 
9 


Drilled  well,  28  feet  deep,  Guelph 
Shallow  dug  well,  south  of  London 


v  i  c  i  n i ty 


Dug 

Dug 
Dug 
Dug 

Dug 
Dug 


well, 

WELL, 
WELL, 

WELL, 
WELL, 
WE  LL, 


6  FEET  DEEP,  NEAR  ST,   JACOBS 

4-5  FEET   DEEP,  NEAR  AGINCOURT 

15  FEET  DEEP,  NEAR  PRESTON 

15  FEET  DEEP,  NEAR  HAWKSBURY 

75  FEET  DEEP,  NEAR  NEWMARKET 

25  FEET  DEEP,  NEAR  NEWMARKET 


-  Drilled  well,  150  feet  oeep,  near  Elmira. 


DISCUSSION 


Ir  WOULD   APPEAR   FROM   THE   OBSERVATIONS  MADE 
THAT  THE   INCIDENCE   OF  NITRATES   IS   GREATER   IN   DUG  THAN   IN 
DRILLED  WELLS.     A  DRILLED  WELL   IS   NOT,   HOWEVER,   AN   INDICATION 
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OF  NITRATE   FREE  WATERS. 


Although  a  greater  percentage  of  well 
waters  which  contain  njtrate  nitrogen  are  polluted,  there 
still  is  a  high  percentage  of  nitrate  containing  waters 

WHICH   SHOW   NO   EVIDENCE   OF   POLLUTION.     Th IS   IS   IN   AGREEMENT 

with  previous  work  done  elsewhere  (8,  ii,  13,14-,  16).    for 
this  reason  other  sources  of  nitrates  have  been  suggested 
(8,11,13,14,16).    These  sources  might  include  seasonal 
leaching  of  the  topsoil,  vegetation,  fertilizers,  tree 
roots  and  nitrate  deposits. 


IT  HAS  BEEN  POINTED  OUT   THAT  THE   FLUCTU- 
ATION  IN   THE  NITRATE   NITROGEN   LEVELS  CANNOT  BE   INTERPRETED 
AS   SEASONAL  UNLESS  A   SIMILAR   PICTURE  WAS   OBTAINED  OVER   A 
PERIOD  OF   AT   LEAST   ANOTHER  YEAR.       IN   A  SIMILAR   SURVEY   CON- 
DUCTED in  Kansas  (II)  it  was  found  that  seasonal  fluctua- 
tion CIO  OCCUR   IN  FOUR  MUNICIPAL  WELLS  OVER  A  TWO  YEAR 

period.    Here  it  was  found  that  a  peak  was  reached  in  the 
winter  season,  and  this  peak  fell  off  sharply  during  late 

SPRING      AND      SUMMER.  In      A     SIMILAR     SURVEY      OF      WATER     FROM 

wells  in  Alberta  the  marked  fluctuation  of  nitrate  nitrogen 
content  has  been  demonstrated. 


SUMMARY 


THE   NITRATE  NITROGEN  LEVELS   AND   THE   INCI- 
DENCE  OF   POLLUTION  OF  484  ONTARIO  WELL  WATERS   HAVE   BEEN  DE- 
TERMINED.     It   IS   EVIDENT   THAT   NITRATE   NITROGEN  LEVELS  ABOVE 
THE   10   P. P.M.   WHICH   HAS  BEEN   SUGGESTED  AS  THE  MAXIMUM  FOR 
SAFETY  OCCUR   IN  SUCH   WATER  SUPPLIES.     THIS  CONDITION   IS 
MOST  COMMON   IN   DUG  WELLS,   BUT   DRILLED  WELLS  ARE   NOT  FREE   OF 
THIS  POLLUTION.       It  WOULD   APPEAR  THAT   THESE   NITRATE  LEVELS 
ARE   NOT  THE   RESULT  OF   POLLUTION  FROM  HUMAN  AND  ANIMAL  SOUR- 
CES ONLY.     THE  NITRATE  NITROGEN   LEVEL  MAY   FLUCTUATE  MARKEDLY 
AND   A  SINGLE   TEST  FOR   NITRATE   CONTENT   IS   OF   DOUBTFUL  VALUE. 


- 


TABLE  I 
NITRATE  NITROGEN  IN  308  DUG  WELLS  -  1950  -  1954 


P  ,  P  .  M 


OF 


PERCENT 
POLLUTED 


0-1.0  147  47,72  17.68 

I -10  103  33.44  18.44 

11-20  34  11.03  38.23 

21-30  9            2.92  22.22 

31-40  3            0.97  0.0 

41-50  6             1.94  0.0 

51-60  2            0.64  0.0 

61-70  I             0.32  0.0 

108  I             0.32  0.0 

114  I             0.32  100 

196  I             0.32  100 

18.8   PER  CENT  OF   THESE  WELL  WATERS   CONTAINED  MORE 
THAN   10  P. P.M.   NITRATE   NITROGEN. 
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TABLE  I  I 


NITRATE  NITROGEN  IN  176  DRILLED  WELLS  -  1950  -  1954 


P.P  .M, 


0*1.0 
1—10 

I  1-20 
21-30 
31-40 


No.  OF 
Samples 


139 

28 
7 

I 
1 


Percent 
Total 


OF 


78.97 

15.99 

3.97 

0.56 

0.56 


Percent 
Polluted 


5.75 
7.  14 
0.0 
0.0 
0.0 


5.1   PER  CENT 
MORE  THAN   10 


OF  THESE  WELL  WATERS  CONTAINED 
P. P.M.   NITRATE  NITROGEN 


TABLE  1  I  I 
NITRATE  NITROGEN  IN  484  WELLS  -  1950  -  1954 
DUG  AND  DRILLED  TYPES 


P. P.M. 

NO.   OF 

Percent  of 

Percent 

Samples 

OF   TOTAL 

Polluted 

0-1.0 

286 

59.09 

1  1  .88 

1*10 

131 

27.06 

16.03 

1  1-20 

41 

8.47 

31  .70 

21-30 

10 

2.06 

20.00 

31-40 

4 

0.82 

0.0 

41-50 

6 

1  .23 

0.0 

51-60 

2 

0.41 

0.0 

61-70 

1 

0.20 

0.0 

108 

1 

0.20 

0.0 

114 

1 

0.20 

too 

196 

1 

0.20 

100 

13.8  PER  cent  of  these  well  waters  contained 

MORE  THAN   10  P. P.M.   NITRATE  NITROGEN. 
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Fie.  I.    Seasonal  fluctuation  of  nitrate 

NITROGEN   CONTENT  IN  NINE  WELLS 
DURING  A  PERIOD  OF  ONE  YEAR. 
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DEOXYGENATING  WASTES 


-  By  - 

A.  V.  DeLAPORTE 
Ontario  Department  of  Health 
Toronto ,  Ontario 


DEOXYGENAT I NG  WASTES  CONSIST  OF  ALL  WASTES 
WHICH   REACT  WITH  THE  OXYGEN  DISSOLVED   IN  THE  RECEIVING  BODY 
OF  WATER  AND  DEPLETE  OR  TEND  TO  DEPLETE  THE  AMOUNT  OF  OXYGEN 
AVAILABLE  FOR  NORMAL  AQUATIC  LIFE.     SUCH  WASTES  ORIGINATE 
IN  A  WIDE   VARIETY  OF   INDUSTRIES:    IN  TANNERIES;    IN  THE  MANU- 
FACTURE OF  GLUE,   GELATIN,  ALCHOHOL  INCLUDING  BREWERIES  AND 

distilleries;  in  wool  scouring;  in  textile  plants;  in  pulp 
and  paper  manufacture;  in  food  processing  plants  such  as  meat 

PACKING,  DAIRY  AND  MILK  PROCESSING,  CORN   PRODUCTS,   BEET  SUGAR, 
FISH  PROCESSING,  ANO  FOOD  DEHYDRATION  PLANTS.     DEO  X Y GE N A T I  N G 
WASTES   INCLUDE  WASTES  USUALLY  REGARDED  AS  CHEMICAL  WASTES, 
E.G.  PICKLING  LIQUOR  FROM  THE  STEEL   INDUSTRIES,  ORGANIC  CHEM- 
ICAL WASTES  AND,  OF  COURSE,  SANITARY  SEWAGE.     IT   IS  TOO  BROAD 
A  FIELD  TO  COVER  COMPLETELY   IN  SUCH  A  SHORT  CONFERENCE.    SOME 
PHASES  OF  THE  PARTICULAR  PROBLEMS  OF   CERTAIN  OF  THE   INDUST- 
RIES MENTIONED  HAVE  BEEN  OR  WILL  BE  DEALT  WITH   BY  OTHER 
SPEAKERS.     IT  WILL,  THEREFORE,   BE  ONLY  POSSIBLE  TO  DEAL  WITH 
THE  PRINCIPLES   INVOLVED   IN  GENERALITIES.     THE  OPINIONS  EX- 
PRESSED ARE  MY  OWN  -  NOT  NECESSARILY  THOSE  OF   THE  DEPARTMENT. 


IN  THE  ACTIVATED  SLUDGE  SYSTEM  OF  TREATMENT, 
IT  MAY  BE   UTCESSARY  FOR  PRETREATMENT  OF  THE  WASTE  TO  CORRECT 
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the  ph,  and/or  to  eliminate  large  particulate  matter.   the 
length  of  time  of  aeration  -  or  as  our  friends  in  the  oil 
industry  would  say,  the  time  of  residence  -  must  be  suffic- 
ient to  take  care  of  the  maximum  b.o.d.  loading.    it  is 
also  essential  to  have  a  tank  for  the  reaeration  of  the  act- 
ivated sludge  before  it  is  discharged  to  the  incoming  waste. 
This  should  provide  a  bank  of  well  conditioned  sludge  as 
insurance  against  failure  of  the  pretreatment  or  against 
shock  b.o.d.  loadings. 


THE   OXIDATION  OF  THESE  WASTES  ON  HIGH 
"TORS   HOLD   TRUE.      SUSPENDED 


I  N 
RATE   BIQFILTERS,   THE   SAME   FA 

APPLIED  WASTE  MUST  BE   REDUCED  TO 
F  THE  BED  AND/OR  THE  D 
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AN   EXAMPLE   OF  FAILURE   TO  TAKE   ALL  FACTORS 
INTO   CONSIDERATION   »  N  DESIGN   IS   THAT  OF   A   RENDERING   PLANT. 
AN   EXPENSIVE  BIOFILTER  WAS   INSTALLED,   BUT  FAT   REMOVAL  FROM 
THE   WASTE  WAS  NOT  COMPLETE.     THE   FAT  CONGEALED  ON  THE  SUR- 
FACE  OF  THE   BED  AND   IN  A  FEW  HOURS  THE  FILLER  WAS  OUT  OF 
WORKING  CONDITION,.     A   TYPE   OF   WASTE  WHICH   REQUIRES  A   CON- 
SISTENT  PRE-TRE ATMENT   IS   TANNERY  WASTE.      THE   LIME  WASTES 


ANAEROBIC  DIGESTION  OF  ORGANIC   MATTER   IS 
AN   OLD   DEVICE.      THE  SEPTIC  TANK,   THE   DIGESTION  TANK,  EMSCHER 
TANK,   TRAVISS  TANK  ANO   IMHOFF   TANK   »LL  UTILIZE   THE  ANAEROBIC 
DIGESTION  OF   ORCANIC  MATTER   r0  PRODUCE   INERT  HARMLESS  SOLIDS 
WHICH   ARE  MORE  OR  LESS  EASILY   DE-WATERED. 


THE  EFFLUENT   FROM   THE   SEPTIC   TANK   TYPE   OF 
TREATMENT   IS   NEVER  FULLY   SATISFACTORY   FOR  DISCHARGE  WITHOUT 
FURTHER   TREATMENT.      EVEN   IF   THE   RESIDENCE   PERIOD   OF   THE 
WASTE   IS   A  WEEK   OR   TEN  DAYS  THE  REDUCTION   OF   THE  B.O.D.   OF  THE 
EFFLUENT   IS   INSUFFICIENT   FOR  DISCHARGE  WITHOUT  CAUSING  A  DE- 
PLETION  OF   THE   DISSOLVED  OXYGEN   IN   THE   RECEIVING  BODY  OF  WATER, 


-  38  - 

Dr.  R.  Rupert  Kountz  of  Pennsylvania  State 
College  in  his  paper  on  "Small  Slaughter  House  Waste  Treat- 
ment" STATED  THAT  ANAEROBIC  TREATMENT  OF  THAT  TYPE  OF  WASTE 
WAS  UNATTRACTIVE.     THE  TANK  VOLUMES  REQUIRED  TO  GIVE  THE 
RESIDENCE  TIME  REQUIRED  FOR  A   SATISFACTORY  EFFLUENT  RENDERED 
ANAEROBIC  TREATMENT   IMPOSSIBLE  ON  ECONOMIC  GROUNDS. 

A  PROPER  DISPOSAL  OF  ANAEROBIC  LIQUORS  SUCH 
AS  THE  SUPERNATANT  FROM  DIGESTION   TANKS,  THE  LIQUOR  FROM  DE- 
WATERING  DIGESTED  SLUDGE  AND  THE  WATER  FROM  THE  ELUTRIATION 
OF  DIGESTED  SLUDGE  HAS  NOT  YET  BEEN  ACCOMPLISHED  BY 
ARY  ENGINEERING  FRATERNITY. 
CREATED  TWO  NEW  ONES. 


THE  SANIT- 
THEY  SOLVED  ONE   PROBLEM  AND 


Chemical  precipitation  and  chlorination  are 

NOT  TO  BE  RECOMMENDED  ON  ANY  ONE  OF  SEVERAL  COUNTS  -   (a)cOSTS; 
(b)  TROUBLE   IN  THE  MAJNTENANCE  OF  PROPER  DOSAGE;    (c)   ONLY  THE 
SUSPENDED  SOLIDS  ARE  REMOVED;  SOLUBLE  B.O.D.   SUCH  AS  SUGAR   IS 
NOT  REMOVED;    (d)  REMOVAL  ANO  DISPOSITION  OF   RESULTING  SLUDGE. 
IN   CERTAIN   INSTANCES  ONLY  CHEMICAL  PRECIPITATION  MAY  BE  USED 

to  alleviate  conditions. 

Dr.  Kountz  in  his  paper,  which  was  mentioned 

BEFORE,   GAVE   DETAILS  OF  A  SIMPLE  SUCCESSFUL  ANO  RELATIVELY   IN- 
EXPENSIVE METHOD  OF  TREATING  WASTES  FROM  SMALL  SLAUGHTER 
HOUSES.     HE  USED  INTERMITTENT  SAND  FILTRATION,  WITH  EMPHASIS 
ON   INTERMITTENT.     THERE  WERE  TWO  SAND  FILTERS   IN  SERIES. 
THE  FRESH  WASTE  WAS  SYPHONED   ONTO  THE  FIRST  BED  TO  GIVE  A 
LOADING  OF  ABOUT  200,000  U.S. GALLONS   PER  ACRE.     THE  EFFLUENT 
FROM  THE  FIRST  BED  WAS  SYPHONED  ONTO  THE   SECOND  BED.     THE 
SYPHONS  DISCHARGED  ONTO  MATS   IN  THE  CENTRE  OF  THE  FILTERS   IN 
ORDER  TO  SPREAD  THE  DOSE.     THIS  VOLUME  OF  WASTE  SHOULD,   IF 
PROPERLY  SPREAD,   PUT  A   DEPTH  OF  ABOUT  SIX   INCHES  OF  LIQUOR 
OVER  THE  FILTER  BED.     THE  DAYS  WHEN  KILLING  WAS   IN  PROGRESS 
THE  SYPHONS  MIGHT  DISCHARGE  THREE   OR  FOUR  TIMES  A   DAY  -  BUT 
AS  THESE  SMALL  PLANTS  DO  NOT  KILL  EVERY  DAY  THERE  WAS  A  SUF- 
FICIENT REST  PERIOD  FOR  THE   RESTORATION  OF  THE  BED.     It   IS 
ESSENTIAL  THAT   THE  VOLUME  OF  WASTE  BE  KEPT  TO  A  MINIMUM;    NO 
HOSE  SHOULD  BE  LEFT  WASTING  WATER  ONTO  THE  FLOOR.       ALSO 
EMPHASIZED   WAS  THE   NECESSITY   OF   REMOVAL  OF   BLOOD  AND  SOLIDS 
BEFORE  SEWERING  -  PARTICULARLY  FLESHINGS  AND   IN   THE   CASE  OF 
POULTRY  KILLING  PLANTS,  FEATHERS.     THE  VOLUME  OF  WASTE  SHOULD 
RUN  BETWEEN   100  AND   150  U.S. GALLONS  PER  ANIMAL;   ABOUT   100 
GALLONS  PER  HOG  AND   150  GALLONS  PER  STEER.      It  WAS  STATED  THAT 
NO  ODOUR  NUISANCE  RESULTED  FROM  THESE  FILTERS;   THE  EFFLUENT 
WAS  SATISFACTORY   FOR  DISCHARGE;   THAT  FREEZING  DID   NOT  MATER- 
IALLY AFFECT  THE  BEDS  AS  THE  WASTE  WAS  WARM  ENOUGH  TO  THAW  THE 
FROZEN  BEDS. 


in  Pennsylvania. 


SUMMARY 


IT  SHOULD   BE   NOTED  THAT  THE  FOREGOING  WAS 


I)   Aerobic  treatment  for  organic  deoxygenati ng  wastes 

OFFERS  THE  BEST  AND  MOST  ECONOMICAL  METHOD  OF  TREAT- 
HE  NT. 
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2)  Anaerobic  treatment  for  organic  deoxygen at i ng  waste  is 
only  applicable  where  the  effluent  can  be  satisfactorily 
disposed  of  in  tile  drainage  beos  or  subjected  to  other 
treatment  before  discharge  to  a  water  course. 

3)  jt  would  be  advisable  to  try  to  replace  digestion  of 
objectionable  organic  sludges  by  some  other  method 
possibly  the  porteous  process  or  some  modification  of 

THAT  PROCESS.     It  SHOULD  BE  POSSIBLE  TO  TRY  THAT 
PROCESS  ON  A  PILOT  PLANT  UNDER  NORTH  AMERICAN  CONDITIONS 


* 

*** 

***** 

******* 

********* 

*********** 

********* 

******* 

***** 

*** 
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SPRAY  IRRIGATION  IN  THE  DISPOSAL  OF  INDUSTRIAL  WASTES 


CANNERY  WASTES 
-  By  - 

H.  W.  POWELL 
CANADIAN  CANNERS  LIMITED 
Hamilton,  Ontario 


I   WISH  TO  STATE  AT  THE  VERY  BEGINNING  THAT 
I   AM  NOT  HERE  TO  SPEAK  TO  YOU  AS  AN  AUTHORITY  ON  THE  HANDLING 
AND  OISPOSAL  OF   INDUSTRIAL  WASTES.     HOWEVER,   I   AM  MUCH   IN- 
TERESTED  IN  THE  SUBJECT  AND   WHEN  MY  GOOD  FRIEND,  DR.   BERRY, 
REQUESTED   I   OlSCUSS  THE  SUBJECT  OF  WASTE  DISPOSAL  FROM  THE 
VIEWPOINT   OF  CANNERY  WASTES,   I   COULD  NOT  REFUSE  -  BUT   I   FULLY 
EXPECTED  TO  BE  ABLE  TO  OBTAIN  TO  SPEAK  TO  YOU   IN  MY  PLACE  A 
MAN  WELL  VERSED  AND   EXPERIENCED   IN  THE   SUBJECT.       UNFORTUN- 
ATELY  I   AM  SORRY  TO  HAVE   TO  SAY   I  WAS  UNABLE  AT  THE  LAST 
MOMENT  TO  MAKE  SUCH  AN  ARRANGEMENT,     THEREFORE,   I  WILL  EN- 
DEAVOUR, WITH  YOUR   INDULGENCE,   TO  PRESENT  TO  YOU  SOME  ASPECTS 

of  the  problem  of  the  disposal  of  canning  factory  wastes. 

Commercial  canning  on  this  Continent  is 

APPROXIMATELY  SEVENTY-FIVE  YEARS  OLD.      In   THE  EARLY  DAYS  THE 
PRODUCTION  WAS  RELATIVELY  SMALL  AND  THERE  WAS  LITTLE  OR   NO 
PROBLEM   IN  DISPOSAL   IN  A  SATISFACTORY  MANNER,   THE  RESULTANT 
WASTE   PRODUCTS.     THE  COMMUNITIES   IN  WHICH   THE  FACTORIES  WERE 
LOCATED  WERE  SPARSELY  SETTLED  AND  THE  SOLIDS  WASTE  COULD  BE 
DISPOSED  OF  READILY, AND  THE  LIQUID  WASTES  WERE  DISPOSED  OF 
IN  THE  NATURAL  STREAM  OF  THE  AREA. 

AS  THE   CANNING   INDUSTRY  GREW,   OTHER   INDUST- 
RIES  DEVELOPED  AND  THE  COMMUNITIES  BECAME  MORE  THICKLY   IN- 
HABITED.   This  growth  gradually  made  the  old  waste  disposal 

METHODS   INADEQUATE  AND  SO  WASTE  DISPOSAL  IN  THE  CANNING   IN- 
DUSTRY, LIKE  THAT  OF  THER   INDUSTRIES  BECAME  A  PROBLEM. 

THE  COMMERCIAL  CANNER  RECEIVES  FROM  THE 
FARM  THE  PRODUCTS  IN  THE  RAW  FORM  AND  THE  AMOUNT  OF  WASTE 
VARIES  GREATLY  IN  QUANTITY  -  PEAS  ON  VINE;  CORN  WITH  HUSK 
AND  COB;  APPLES,  PEARS,  PEACHES  WITH  SKIN  AND  CORES  OR  PITS. 
FOR  INSTANCE  THE  WASTE  FROM  CHERRIES  RUNS  AROUND  2 0#  WHILE 
THAT  ON  CORN  MAY  RUN  AS  HIGH  AS  85$  WITH  THE  PERCENTAGE  OF 
WASTE  FROM  OTHER  PRODUCTS  FALLING   IN  BETWEEN.     RaSPBERRIE 


ES 
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HAVE  A  VERY  LOW  WASTE  PERCENTAGE. 


A  LARGE  PROPORTION  OP  THESE  WASTES,   IS   IN 
THE  SOLID  FORM  AND  RELATIVELY  EASY   TO  SEPARATE  AND  DISPOSE  OF 
IN  A   SATISFACTORY  MANNER,   SUCH   AS  CORN  HUSKS,   APPLE  SKINS, 
ETC.     IN  MANY   INSTANCES  THEY  ARE  RETURNED  TO  THE  FARM  AND 

used  as  feed  or  fertilizer. 

There  is  a  large  volume  of  wastes  in  l i qu  i  o 

WHICH  CONTAINS   IN  SOLUTION  OR  SUSPENSION  A  CONSIDERABLE 


It  is  this 


FORM 

PERCENTAGE  OF  ORGANIC  VEGETABLE  OR  FRUIT  MATTER. 

TYPE  OF  LIQUID  WASTE  WHICH  WE  WISH  TO  CONSIDER  AND  WHICH   IS 

THE   IMPORTANT   PART  FROM  POLLUTION  AND  NUISANCE  VIEWPOINT. 

THE  COMMERCIAL  CANNER  MUST  IN  SELECTING  A 
FACTORY  LOCATION,  GIVE  FIRST  CONSIDERATION  TO  TWO  ESSENTIAL 
POINTS   AND  THESE  ARE: 

1.  AN  ADEQUATE,  STEADY  SUPPLY  OF  PURE  WATER. 

2.  A   SATISFACTORY  AND  NUISANCE  FREE  METHOD  OF  WASTE 

d  i  sposal. 

Both  these  points  are  of  equal  importance 

AND  UNLESS  THEY   CAN  BE  SATISFACTORILY  SOLVED  THE  LOCATION 
IS  NOT  A  SUITABLE  ONE  FOR  A  CANNING  FACTORY.     HOWEVER, 
THERE   IS  THE  PROBLEM  WHERE  SOME  YEARS  AGO  A  CANNING  FACTORY 
WAS  LOCATEO  IN  AN  AREA  WHERE  BOTH  THESE  CONDITIONS  WERE  SAT- 
ISFIED BUT   IN  LATER  YEARS,   OUE  TO   THE   DEVELOPMENT  OF   THE  COM- 
MUNITY BOTH   INDUSTRIALLY  ANO  OTHERWISE,  THE  WASTE  DISPOSAL 
OF   THIS  ESTABLISHED  FACTORY  BECOMES   A   PROBLEM.     THE   COMMUNITY 
HAS  GROWN  BUT  THE  METHODS  FOR  WASTE  DISPOSAL  HAVE  LAGCEO 
BEHIND. 


The  most  satisfactory  method  of  the  dis- 
posal OF  THE  LIQUID  WASTES,  AFTER  SCREENING  BY  THE  CANNING 
FACTORY,   IS   INTO  A  MUNICIPAL  DISPOSAL  UNIT.     BUT  NOT  ALL 
MUNICIPAL  DISPOSAL  PLANTS  ARE   ABLE  TO  HANDLE  SUCH  WASTE. 

Further  since  the  canning  factory  is  usually  located  in 

RURAL  AREAS,  FREQUENTLY  SUCH  DISPOSAL  UNITS  ARE  NOT   IN  EXIST- 
ENCE. 

THE  PROBLEM  OF  DISPOSAL  OF  THIS  CANNING 
FACTORY  WASTE  HAS  BEEN ' ATTACKED  FROM  A  NUMBER  OF  DIFFERENT 
ANGLES  WHERE  MUNICIPAL  DISPOSAL   PLANTS  WERE  NOT  AVAILABLE. 
THE  FIRST  AND  OBVIOUS  METHOD  WAS  TO  SCREEN  THE  WASTE  AND   RUN 
THE  LIQUID   INTO  EXISTING  DITCHES,   STREAMS,   ETC.     Th  I S   I  N 
MANY   INSTANCES   IS   NOT  SATISFACTORY,   DUE  TO   THE   HIGH  B.O.D. 
OF  SUCH  WASTES,   ITS   EFFECT  ON  THE  LIFE  OF  SUCH  STREAMS,   AND 
ITS  POSSIBLE  NUISANCE  FROM  THE  POINT  OF  VIEW  OF   ODOUR. 

IN  ORDER  TO   REMOVE  FROM  THE  WASTE,  THE  OB- 
JECTIONABLE PORTIONS  AS   IT  WAS  DISCHARGED   IN  THE  STREAMS, 
CANNERS  WENT  THROUGH   AN   ERA,   WHEN   INSTALLATIONS  OF  SETTLING 
BASINS   AND  VARIOUS  SYSTEMS  OF  FILTERS  USUALLY  OF  CRUSHED 
STONE  OF  VARIOUS  SIZES,  WERE  MADE.     THESE   INSTALLATIONS 
WHILE  UNDOUBTEDLY  OF  SOME  VALUE,  WERE  NEVER  ABLE  TO  GIVE  A 
SATISFACTORY   SOLUTION  TO  THE   PROBLEM. 


-  42  - 

Another  method  tried  on  a  fairly  extensive 
scale  was  the  biological  filter  in  which  the  organic  matter 
in  the  wastes  was  broken  down  by  the  action  of  bacteria.   the 
canning  industry  is  a  seasonal  operation,  and  the  nature  of 
the  wastes  vary  greatly  over  the  season.    the  biological 
filter  for  this  reason  has  not  proven  to  be  a  too  satisfactory 

METHOD  FOR  WASTE  DISPOSAL   IN  THE  CANNING   INDUSTRY.     In  ADDIT- 
ION THE   INSTALLATION  AND  THE   OPERATIONAL  COSTS  ARE  VERY  HIGH. 

CONSIDERABLE  WORK   HAS   BEEN  DONE  ON  REMOVAL 
OF   THE  UNDESIRABLE  PORTIONS  OF  CANNING   FACTORY  WASTES  BY   SED- 
IMENTATION.   This  method  has  some  application  but  again,  due 

TO  THE  GREAT  VARIATION   IN  THE  NATURE  OF  CANNING  FACTORY 
WASTES  AND  THE  COST  OF  THIS  METHOD   IT  DID  NOT  PROVE  TO  BE  THE 
ANSWER. 

the  next  step  and  up    to  that  time  by  far 
the  most  satisfactory  is  what  is  known  as  the  lagoon  method. 
it  is  used  at  present  time  when  properly  installed,  with 
completely  satisfactory  results. 

The  lagoon  method  consists  of  mechanical 
screening  of  the  liquid  wastes  to  remove  the  suspended  solids, 
treating  the  effluent  liquid  with  a  small  quantity  of  nitrate 
and  impounding  the  liquid  in  a  large  lagoon  or  small  artific- 
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the  location  of  the  lagoon  is  of  importance, 
it  must  be  somewhat'  removed  from  human  habitation  as  there  is 
some  odour  coming  from  the  waste  as  it  undergoes  decomposition, 
Prevailing  winds  must  be  carefully  checked.    If  it  can  be 
situated  on  a  soil  of  a  good  absorptive  nature,  the  size  of 
the  lagoon  may  be  somewhat  smaller. 

The  lagoon  for  canning  factory  wastes  is 
operating  in  a  very  satisfactory  manner  in  a  number  of  loc- 
ations and  promises  to  se  continued  as  a  method  for  handling 
such  wastes. 


AN  OUTGROWTH   OF  THE  LAGOON   IS  THE  SPRAY 
IRRIGATION  SYSTEM  OF  HANDLING  CANNING  FACTORY  WASTES.     We 
BELIEVE  THIS   IDEA  WAS  BORN  FROM  A  LAGOON   INSTALLATION  WHICH 
PROVED  TO   BE  TOO  SMALL  AND  THE  NECESSITY  AROSE  TO  GET  RIO  OF 
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LARGE   QUANTITIES  OF  LIQUID   WASrEo     GROWING   CROPS  WERE   IR- 
RIGATED -•  WHY  NOT  USE   THIS  WASTE  WATER  FOR   SUCH   PURPOSE? 
IT  WAS  TRIED   ON   A  PASTURE  AND   IN  THIS   INSTANCE  WORKED.    FROM 
SMALL  AND   IN   A  WAY   ACCIDENTAL  BEGINNING  THE  SPRAY   IRRIG- 
iTEM  OF 


THIS 

ATIUI   SYSTEM  CLF  WASTE   DISPOSAL  HAS  BEEN  EXTENDED  TO  HANDLING 


WAS   ES   IN"LAST  FIVE   OR   SO  YEARS  FROM   DIFFERENT  TYPES   OF 
FOOD   FACTORIES  AND  ON   THE   WHOLE   IS  WORKING   VERY   SATISFACTORILY. 

IT  OOES  APPEAR  TO  HAVE   CERTAIN  LIMITATIONS, 
PARTICULARLY   IN  RESPECT   TO  THE   CROPS  ON  WHICH   IT   CAN  BE  USED 
AND  THE   NATURE  OF  THE  LAND.     WHILE   IT   SEEMS  TO   WORK   QUITE 
WELL   IN  WOODED   AREAS,   IT   IS  NOT  KNOWN  THE  ULTIMATE  EFFECT   IT 
WILL  HAVE  ON   THE   TREES.     WOODED   AREAS   PRESENT 
LEM   INASMUCH  AS   THE   TREES   PRESENT   OBSTACLES   IN 
RIGATION  LINES  AND  CHANGING   OF   THEM  TO   NEW  LOCATIONS 
KNOW  OF   NO   RECOMMENDATIONS  WHERE   IT   SHOULD  BE   USED 
PARTICULARLY   CULTIVATED  ONES  FOR  REASONS   THAT  WE  WILL 
TO  LATER. 


A   FURTHER  PR08- 
LAY  I  NG   THE   I  R- 
WE 
ORCHARDS 
REFER 


ON 


However,  for  pastures  and  grass  fodoer  prod- 
ucing LANDS   IT   APPEARS  70  BE  WORKING  QUITE  SATISFACTORILY. 

In  brief  the  method  is  to  thoroughly  screen 

THE  LIQUID  WASTES  THROUGH   A  TEN  MESH   SCREEN,   -  A  SQUIRREL 
CAGE   OR   VIBRATING  SCREEN  SHOULD   BE   USED.      A  STATIONARY   SCREEN 
SOON   BECOMES   CLOGGED  AND  WILL  NOT  ALLOW  THE  WATER   TO  PASS 
THROUGH.     THE   LIQUID   IS   ACCUMULATED   IN  A   SMALL  COLLECTING 
BASIN   AND   PUMPED  FROM  THERE   TO  THE   LAND   TO  BE   IRRIGATED.    THE 
BEST  OPERATION  APPEARS  TO   BE   TO  PUMP  THE   EFFLUENT  THROUGH   TO 
THE   IRRIGATED  LAND  WHEN   IT   IS  STILL  FRESH   AND  BEFORE  DECOM- 
POSITION  COMMENCES.     THE   MECHANISM  FOR  THE   OPERATION  OF  THE 
IRRIGATION   IS  SIMILAR   TO   THAT   USED  ON   REGULAR  SPRAY   IRRIGATION 
OTHER   THAN  THE  PRELIMINARY  SCREENING   OF   THE  WASTE. 

ONE   PROBLEM   IS   IN  THE  PROPER  SELECTION  OF 
THE   LAND   AND   THE   CROP   FOR   THE   IRRIGATION.      THE   AREA   OF   THE 
LAND  WILL  VARY  WITH   ITS   NATURE  AND  THE   QUANTITY   OF   LIQUID   TO 
BE   DISPOSED.     LOCAL  LAND   SURVEYS   CAN  BE  OF   ASSISTANCE   IN  LAND 
SELECTION,     Even  BORINGS  OF   THE  SOIL  IS  RESORTED  to  in  some 

"instances.    Generally  quite  a  l«rge  acreage  is  required.   In 
some  instances  THE  factory  has  for  such  purposes  as  much  as 
fifty  or  more  acres. 

While  the  spray  irrigation  system  can  be 

USEO   FOR   DIFFERENT   CROPS,   PASTURE   LAND   HAS   PROVEN   TO   8E   MOST 

RAS3ES   ABSOPB   THE  WATER   IN   GREATER  AMOUNTS 
TO  DO  SO  FOR  MUCH  LONGER  PERIODS  OF  TIME. 


SATISFACTORY. 
AND  WILL  CCNT 


NUE 


TO   ILLUSTRATE   AN  OPERATION  WE  WOULD   TAKE 
ONE  WHERE   IN   EARLY  MAY   A  MIXTURE   OF   GRASSES   CONSISTING  OF   IN- 
TERMEDIATE WHEAT,   SMOOTH   BROME,  ORCHARD  AND   AlTA  FESCUE  WAS 
SOWN  AND   ALLOWED   TO   GROW  UNTIL  JULY   WHEN  THE  FIRST  SPRAY   IR- 
RIGATION  OF   FACTORY  WASTES  WAS   APPLIED.       ThEN  SPRINKLERS 
CONNECTED  WITH  AN   IRRIGATION   SYSTEM  WERE   USED   DURING   A   NORMAL 
OPERATING   DA/   FOR   14   HOURS.      THE   SPRINKLER   INSTALLATION   CON- 
SISTED  OF   ONE   LATERAL  LINE   1200  FEET  LONG,  COMPOSED  OF   30  FOOT 
SECTIONS   OF  4"   ALUMINUM  PIPE  WITH   I"   CAST   IRON  PIPE   RISERS 
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spaced  60  feet  apart.    each  sprinkler  delivered  15  g.p.m,  at 
45  p.s.i.  pressure. 

The  following  day  the  lateral  was  moved  a 
distance  of  60  feet  to  a  new  location.    the  pea  pack  started 
on  July  1st,  ending  August  1st,  and  during  this  period  7^ 
acres  of  land  were  used  for  spray  irrigation  on  a  pack  of 
approximately  100,000  cases  of  peas.    subsequently  the 
liquid  wastes  from  a  corn  pack  of  some  90,000  cases,  were 
disposed  of  by  irrigation  in  the  same  area.    the  report  is 
that  the  system  worked  very  satisfactorily  and  free  from 

ANY  NUISANCE  VALUE.     The  LAND   UNDER  THE  SYSTEM  USED  ABSORBED 

the  liquids  in  a  satisfactory  manner,  the  crop  grew  abund- 
antly and  there  occurred  no  nuisance  from  odours,  etc. 

The  cover  crop  plays  a  very  important  part 
in  the  system  of  spray  irrigation.    in  the  installation  ref- 
erred to  above  the  grasses  were  sown  about  may  1st.   during 
the  latter  part  of  july  the  grass  hay  crop  on  part  of  the 
area  was  cut  over  a  period  of  several  oays.    wastes  applied 
at  this  time  to  uncut  area  were  absorbed  at  a  rate  which 
alloweo  sprinking  on  the  same  area  for  the  entire  day,   how- 
ever, the  cut  area  of  the  field  exposeo  considerable  bare 
ground  between  the  planting  rows  and  waste  absorption  was 

REDUCED  BY  5  0%.     On  ONE  AREA  CUT  FOLLOWING  A  RAIN,   PACKING 

of  the  soil  by  cutting  and  hauling  operations  further  re- 
duced the  absorption  to  about  25%. 

Further  development  of  this  particular  op- 
eration PLANNED  FOR   EXTENDING  THE  AREA  BY  ABOUT  75%  WHICH  WILL 

be  planted  to  alfalfa  and  cutting  the  alfalfa  at  least  ten 
days  before  using  the  area  for  spray  irrigation.    this  ex- 
tension was  planned  to  obtain  some  financial  return  on  the 
waste  disposal  system.    cattle  were  to  be  gra2e0  on  the  grass 
field.    In  New  Jersey  The  State  Board  of  Health  has  given 
approval  to  pasturing  milk  cows  on  sprayed  areas  providing 
there  has  been  a  ten  day  lapse  since  the  spray  was  discontin- 
UED. 

in  principle  the  method  of  spray  irrig- 
ation appears  reasonably  simple,  but  there  remains  some  pre- 
cautions to  be  taken  and  certain  problems  and  limitations. 

Some  of  these  limiting  factors  and  precautions  are: 

1.  Satisfactory  disposal  depends  on  soil  absorption  and 
the  factor  of  first  consideration  is  availability  of 
land  within  economical  pumping  distance. 

2.  The  selection  of  proper  cover  crop  is  of  prime  import- 
ance.    AN  ADEQUATE  COVER  CROP  WILL  ALLOW  RELATIVELY 

poor  absorption  soil  to  be  satisfactory. 

3.  Spraying  on  bare  or  essentially  bare  soil  will  not 
result  in  a  satisfactory  absorption  without  run  off. 
The  root  system  of  a  growing  cover  crop  helps  dispose 
of  absorbed  ground  moisture. 

4.  Choice  of  type  of  cover  crop  is  most  important.   Such 
crops  as  peas,  beans,  small  grains  have  proven  to  be 
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UNSATISFACTORY   BECAUSE  THEY   COULD   NOT   TOLERATE   THE 
QUANTITY   OF  WATER.      It  DOES   SEEM,   HOWEVER,   THAT  DENSE, 
LOW  GROWING  GRASSES  OF   GOOD  PASTURES   ARE   THE   MOST  SAT- 
ISFACTORY.   With  fields  of  good  cover  cro°  waste  water 

CAN  BE  SPRAYED   AT  A   RATE   OF  0.4  TO  0.6   INCHES  PER  HOUR 
OVER  A  PERIOD  OF  ONE   DAY'S  OPERATION.     A  RECOMMENDED 
PRACTISE   I S  TO  H  AVE  TWO  LATERALS  AND   OPERATE  EACH  ON 
AN  ALTERNATE  BASIS   OF  ONE  HOUR  TO  ALLOW   FOR   BEST  AB- 
SORPTION. 


5.    The  effect  of  leaching  of  mineral  constituents  of  the 

soil  by  spray  irrigation  has  not  been  determined,   food 

PLANT  WASTES,  HOWEVER,   WILL  SUPPLY  SOME  NUTRIENTS.    PEA 
WASTE  FOR   EXAMPLE  WILL  AVERAGE  46  P. P.M.   ORGANIC   NITRO- 


gen and  9  p. p.m.  ammonia  nitrogen  with 
or  us  content  of  8  p. p.m.  with  5  p. p.m. 
Corn  waste  has  an  average  of  54  p. p.m. 
and  2  p. p.m.  ammonia  nitrogen.    total 

AGE   II   P. P.M.  WITH  5  P. P.M.   SOLUBLE. 
ANALYSIS  OVER  SEVERAL  YEARS   ARE   NEEDED 
INFORMATION 

WASTES. 


A  TOTAL  PHOSPH- 
I  N   SOLUBLE  FORM. 
ORGANIC   NITROGEN 
PHOSPHATES   AVER- 
STUDIES  OF  SOIL 
TO   GIVE   RELIABLE 


ONTIeVfECT  OF   SPRAY   IRRIGATION  OF  FACTORY 


PRE-SCREENI NG  OF  WASTES   IS  A  MOST   IMPORTANT  STEP   IN 
THIS   SYSTEM  OF   CANNING  FACTORY  WASTES  DISPOSAL.     A   10 
MESH   SCREEN   HAS  BEEN  SHOWN  TO  BE  QUITE   SATISFACTORY. 

There  is  no  benefit  to  be  derived  from  removing  very 
fine  solid  material  or  use  of  20  or  40  mesh  screens. 
Precaution  should  be  taken,  however,  to  prevent  the 
inclusion  in  the  screened  waste  water  by  accident, 

SOLIDS   THAT  SHOULD  HAVE  BEEN  REMOVED.      It  MAY  BE  NEC- 
ESSARY  TO   INSTALL  A   STATIONARY  SCREEN   OVER  THE   END   OF 
THE  PUMP  SUCTION  PIPE  WITH  SIZE   OF  SCREEN  OPENINGS 
APPROXIMATELY  THAT  OF   NOZZLE.     TREND   IS  TO   1 /4"   NOZZLE 
OPENING. 

THE   SPRINKLERS  SHOULD   BE   CAPABLE  OF   DELIVERING   15  TO 
25   G.P.M.   OVER  AN   AREA   OF   120  TO   140  FEET   IN  DIAMETER 
WHEN   THE   DISPOSAL   IS   ON   A  FIELD   OR  PASTURE. 

The  SYSTEM  SHOULD  be  of  such  A  SIZE  THAT  WILL  ALLOW 
DISPOSAL   OF   WASTES  WITH   A  MINIMUM  OF   HOLDING   TIME,    A 
SUMP  HOLDING  THE   WASTE   COLLECTED   OVER  A  PERIOD   OF   15 
TO  30  MINUTES  SHOULD  BE  AMPLE.      IN   THIS  WAY  THE  WASTE 
IS  DISPOSED  OF  BEFORE  ODOURS  ARE  DEVELOPED. 


9. 


Laterals  should  be  removed  from  close  proximity  to 
highways,  etc.  to  prevent  any  spray  being  carried 
onto  them. 


10.    THE  CONCENTRATED  WASTE  LIQUID  FROM  SEEPAGE   OF   PEA 

STACKS  CANNOT  BE  USED   IN  SPRAY   SYSTEM   AS   IT   IS   IN  THE 
CONCENTRATED  FORM  HARMFUL  TO  CROPS,   HAVING   A  BURNING 

EFFECT. 


I  1 


THE   DISPOSAL  OF  WASTE  ON  LAND   INVOLVES  A  CALCULATED 
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risk  in  the  pollution  of  wells  and  streams.    the 
record  in  this  respect,  however,  is  entirely  satis- 
factory with  possibly  one  or  two  instances  of  unus- 
ual conditions. 

12.    Spray  irrigation  design  and  installtion  should  be 
under  the  direction  of  engineers  specializing  in 
th  i  s  f 1  eld. 

we  have  endeavoured  to  present  to  you  an 
outline  in  very  general  terms  the  problems  of  disposal  of 
canning  factory  wastes,  and  we  trust  that  in  some  manner  we 
have  brought  at  least  to  one  member  of  our  audience  a  new 
idea  or  answered  in  some  way  a  question, 

we  stated  at  the  outset  that  we  are  in  no 
way  to  be  regarded  as  an  authority  in  the  field,  further, 
we  wish  to  state  that  we  have  used  in  this  paper  very  liber- 
ally the  published  papers  of  whose  who  have  studied  and  re- 
ported on  the  subject  of  canning  factory  wastes.  our  main 
source  of  information  on  the  spray  irrigation  methods  is 

THE  PUBLISHED  WORK   OF   N.  H.  SANBORN   OF  NATIONAL  CaNNERS' 

Association  Research  Laboratory  of  Washington,  O.C. 
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SPRAY  IRRIGATION  IN  THE  DISPOSAL  OF  INDUSTRIAL  WASTES 


MILK  WASTES 


-  By  - 
T.  B.  COOPER 

KRAFT  FOODS  LIMITED 
Montreal,  Quebec. 
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When  you  discuss  pollution  of  large  lakes 
and  rivers  like  the  north  saskatchewan,  or  lake  ontario, 
then  we  can  just  about  leave  the  dairy'  industry  out  of  it. 
we  do  not  enter  the  picture  in  a  sizeable  way,  however,  when 
it  comes  to  pollution  of  small  streams,  brooks  and  drainage 
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it  would  be  easier  to  present  a  paper  on 
nvolved  in  handling  dairy  wastes  than  to  recom- 
orrect  them.   the  dairy  industry  feels  that 

a  great  lack  of  knowledge  on  dairy  waste  dis- 
recommenoed  that  some  research  projects  be 
is  pretty  well  conceded,  however,  that  septic 
not  work  with  dairy  wastes.    a  dairy  firm 
a  few  years  ago  that  hao  all  the  latest  engin- 
ments  built  into  it  at  a  cost  of  $25,000.   it 

failure.    There  have  been  several  other  ioeas 
ostly  -  but  results  have  been  pretty  generally 

lagooning  hardly  seems  to  be  the  answer. 
too  great  and  the  nuisance  problem  is  such 
be  difficult  to  obtain  suitable  land  for  this 


IN  FACING   THIS   PROBLEM  WE  MUST  ALSO   REALIZE 
THAT   THERE   ARE   ECONOMIC  LIMITATIONS.     WHEN  WE  CONSIDER   THAT 
THE  TOTAL   INVESTMENT   IN  MOST  OF  THESE   FACTORIES   IS  LESS   THAN 
$25,000.   IT   IS   HARDLY   REASONABLE   TO  RECOMMEND   INSTALLATIONS 
THAT   WOULD  COST  SEVERAL  TIMES  THAT   AMOUNT. 

THE   GREATEST   SINGLE   ITEM   IN  DAIRY   PLANT 
WASTES   IS  WHEY.     FOR  EVERY  POUND   OF  CHEESE  PRODUCED  THERE  ARE 
NINE   POUNDS  OF  WHEY   TO  DISPOSE   OF,      ll   IS  A   VALUABLE   BY- 
PRODUCT ANO   AN  EXCELLENT   FEED  FOR  HOGS.     HOWEVER,   DURING   THE 
HEAVY   MILK  FLUSH  MOST  PLANTS  HAVE  FAR  MORE  THAN  THEY  CAN  DIS- 
POSE  OF.      A  F EW  LOCATED   NEAR  ENOUGH   TO  CORNWALL  CAN  SELL   IT 
TO  A  FIRM  WHICH  HAS   A  LARGE  WHEY   PROCESSING   PLANT  THERE.    TH E 
AVERAGE  PLANT  WOULD  HAVE  FROM  I  0  ,  0  00  T  0  20,000  POUNDS  OF  WHEY 
FOR  DISPOSAL   EVERY   DAY   AND  SOME  PLANTS  WOULD  HAVE  AS  MUCH   AS 
50,000  TO  60,000  POUNDS.     A  GREAT  amount  OF   it  FINDS   its  way 

into  the  waste  drains. 

Skim  milk,  buttermilk,  cheese  particles  and 
milk  solids  carried  in  wash  water  all  add  to  the  load  and 

SOME  OF  THESE   ITEMS  HAVE   EXTREMELY   HIGH  B.O.D.      In  THE  CASE 
OF   CHEESE,   A  B.O.D.   OF  60$,   SKIM  MILK  SOLIDS  A  B.O.D.   OF  73 . 7$ 
ANO  WHEY  3.55b. 
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IF   I   HAD   BEEN  ASKED   TO  PRESENT  THIS   PAPER 
A  YEAR   AGO  THERE  WOULD  HAVE   BEEN   LITTLE  ENCOURAGEMENT   I 
COULD  OFFER.     DURING   THE  LAST  YEAR,   HOWEVER,  WE  HAVE   BEEN 
CARRYING  OUT  AN  EXPERIMENT  THAT  SHOWS  EVERY  SIGN  OF  BEING  A 
SUCCESS.     WE   INSTALLED  HIGH   PRESSURE^  SPRINKLER  HEADS   IN 
ABOUT  3-1/2  ACRES  OF  PASTURE  LOCATED  NEAR  OUR  PLANT  AT  BER- 
WICK, Ontario.    Through  these  we  sprayed  on  the  land  all 

THE  WASTES  FROM  THE  PLANT.     THERE  WERE  TWO  SPRINKLER  HEADS 
LOCATED  AT  OPPOSITE  SIDES  OF  THE  STRIP  AND  THESE  WERE  USED 
ALTERNATELY.     ThE  FIELD  WAS  OBSERVED  FAIRLY  CLOSELY  TO   SEE 
THAT  SPRINKLERS  WERE  NOT  LEFT  ON  TOO  LONG   IN  ONE  LOCATION. 

During  the  season  the  pasture  remained  good  and  there  were 

NO  VISIBLE  SIGNS  OF  DAMAGE.     THE  FARMER  WHO  OWNED  THE  LAND 
FELT  THAT  PASTURE  CONDITIONS  WERE  BETTER  THAN  USUAL.  WASTES 
WERE  DRAINED  FROM  THE   PLANT   TO  A   500-GALLON   TANK   AND  THEN 
PUMPED  DIRECTLY  TO   THE   SPRAYERS.      It   IS  MOST   IMPORTANT 
THAT   IT  BE  DONE   IN  SUCH  A  MANNER  THAT   IT  DOES   NOT  HAVE  TIME 
TO  BECOME  SEPTIC.     THERE  WAS  NO  NOTICEABLE   ODOUR  NUISANCE 
ALTHOUGH  THE  AREA  UNDER   IRRIGATION  WAS  JUST  ACROSS  A  SMALL 
RIVER,   NOT  MORE  THAN   ONE   HUNDRED  YARDS 
WE  HAVE  SAID  BEFORE,  WE  DO  NOT  WANT  TO 
THE  FINAL  RESULTS  UNTIL  WE  HAVE  HAD  AT 
SEASONS1 EXPERIENCE  BEHIND  US.     WE   ARE 

HOWEVER,   TO  THE  POINT  WHERE  LAND  ARRANGEMENTS  ARE   BEING 
FOR  SIMILAR   INSTALLATIONS  AT  ONE  OTHER  PLANT   THIS  YEAR. 


FROM   THE   PLANT.    AS 
SAY  TOO  MUCH   ABOUT 
LEAST  TWO  OR  THREE 
DEFINITELY   ENCOURAGED, 

MADE 

At 


THE  ORIGINAL  LOCATION  AT  BERWICK  WE  ARE   PUTTING   IN   FOUR  SPRAY 
HEADS  THIS  YEAR   IN  PLACE  OF  TWO  LAST  YEAR.     EACH   HEAD   IS 
MOUNTED   ABOUT  SIX  FEET  ABOVE   GROUND   AND  WITH   A  40-POUND   PRES- 
SURE MAINTAINED   IN   THE  LINE   IT  SPRAYS  AN  AREA   160  FEET   IN 
DIAMETER.      THEY  ARE   CONTROLLED   AUTOMATICALLY   BY   A   FLOAT 
SWITCH   IN  THE  500-GALLON   TANK.      It   WAS   NOTICED  THE  FIRST 
YEAR  THAT  THE  CATTLE  HAD  A  STRONG  PREFERENCE  FOR  THE   GRASS 
GROWING  CLOSEST  TO  THE   SPRAYS   AND   WHEN  THE   AUTOMATIC  STARTER 
CUT   IN  THEY  WERE  FREQUENTLY  STARTLED  AND  STAMPEDED.     It  WAS 
FELT  THAT  THEY  WILL  BECOME  ACCUSTOMED  TO  THIS   IN   TIME. 
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IT  SEEMS   QUITE   CLEAR  THAT   A   VERY  ENCOURAG- 


ING LEAD  HAS  BEEN  DISCOVERED. 
OR  SO  YET  WORKING  OUT  DETAILS, 
ASSURANCE  THAT   FOR   DAIRY   PLANT 
RIGATION  PRINCIPLE   IS  THE  MOST 
SEEN. 


WE   MAY   HAVE   TO   SPEND   A  YEAR 
BUT   I   THINK  WE   CAN   SAY   WITH 
WASTE  DISPOSAL  THE   SPRAY   IR- 
HOPEFUL  OUTLOOK   WE  HAVE  YET 
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TREATMENT  OF  BEET  SUGAR  WASTES 


-  By  - 


HAYSE  H.  BLACK 


Industrial  Wastes  Section 
United  States  Public  Health  Service 

Cincinnati,  Ohio 


The  beet  sugar  industry  became  established 

ON  A   PAYING  BASIS  EARLY   IN  THE   19tk  CENTURY  WHEN  NAPOLEON'S 

blockade  of  the  British  Isles  created  a  sugar  shortage  on 
the  continent  of  europe,    the  industry  is  comparatively 
young  in  Canada,  having  been  started  some  fifty  years  ago. 
To-day  production  of  sucrose  from  sugar  beets  is  a  major 
chemical  industry.     In  1952,  Canada  PRODUCED  298,245,300 
POUNDS  OF  BEET  SUGAR   FROM   1,028,000  SHORT  TONS  OF  BEETS. 
THIS   REPRESENTS  ABOUT  ONE-qUARTER  OF  CANADA'S   ANNUAL  SUGAR 

consumption.    Based  on  5-Day  BOD,  liquid  wastes  for  the 
Canadian  beet  sugar  industry  have  been  estimated  to  have  a 
population  equivalent  potential  of  1,400,000. 


ORGANIZATION  AND  OPERATION 


Four  compani 
refineries  in  the  Dominion. 
Provinces  of  Alberta,  Ontario, 
1952,  Alberta  with  three  refin 
of  the  beets  and  ontario  with 
per  cent  of  the  total  for  the 
located  at  raymond,  alberta, 
the  other  two  alberta  refinerl 
Chatham,  Ontario,  plants  have 
Raymond  and  Picture  Butte,  Alb 
whereas  the  other  plants  dry  t 
for  some  ten  weeks  beginning  a 
Manitoba,  and  mid-October  for 


es  operate  seven  beet  sugar 
Refineries  are  located  in  the 

Manitoba,  and  Quebec.    In 
eries  harvested  46.5  per  cent 
two  refineries  processed  33.1 
Dominion.    A  Steffen  house  is 

It  also  works  molasses  from 
es.    The  Taber,  Alberta,  and 
continuous  diffusers.    The 
erta  refineries  use  pulp  silos 
he  pulp.    The  season  lasts 
bout  October  I,  in  Alberta  and 
Ontar i o. 
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DESCRIPTION  OF  PROCESS 

The  sugar  beet  is  approximately  75  per  cent 
water  ano  25  per  cent  dry  solids.    the  sugar  content  may  be 
expec  ed  to  vary  between  15  and  17  per  cent  depending  on  the 
season  and  the  region  where  the  beets  are  grown,    the  non- 
sucars  are  composed  of  cellulose,  nitrogenous  compounds,  ash, 
and  other  organic  materials.    process  wastes  may  be  expected 
to  contain  about  4.6  per  cent  of  the  weight  of  the  beet  in 
addition  to  soil  and  other  extraneous  material  removed  from 
the  beet  preparatory  to  slicing. 
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Figure  I,  is  a  simplified  flow  d i a 

IN  BEET  SUGAR  MANUFACTURE  ANO  POINTS 
ID  WASTES  ARE  PRODUCED.  FLOWING  WAT 
TS  BEETS  FROM  STORAGE  TO  THE  PLANT. 
MOST  OF  THE  SOIL  FROM  THE  BEETS,  ANO  S 
CH  BEET  TOPS,  ROOTS,  AND  OTHER  MATERI 
E  SLICED   INTO  LONG  NARROW  SECTIONS  CA 

Extraction  of  sugar  is  accomplished  I 
low  of  hot  water  through  the  cossette 

is  purified  by  chemical  treatment  an 
evaporated  to  the  point  where  sugar  c 
s  centrifuceo  from  the  syrup,  washed, 

The  syrup  (molasses)  may  be  marketed 
n  treatment  for  more  complete  extract 
ent  cossettes  constitute  high  grade  s 
stored  wet  in  open  silos  or  are  immeo 
geo,  a  more  detailed  statement  pert 
ted  to  wastes  has  been  published  (l). 
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VOLUME  AND  CHARACTER  OF  WASTES 

Values  considered  to  be  representative  of  the 
volume  and  character  of  beet  sugar  manufacturing  wastes  are 
given  in  Table  1.    Cognizance  must  be  taken  of  differences  in 
process  equipment  and  other  pertinent  factors  in  estimating 
waste  volume  ano  character  for  a  given  factory.    a  brief  dis- 
cussion of  each  of  the  principal  wastes  is  presented  in  sub- 
sequent paragraphs. 

FLUME  WATER  WASTE 


Flume  water  characteristics  are  influenced 
by  the  type  of  soil  in  which  the  beet  is  grown,  the  weather 
during  harvest,  and  the  extent  of  spoilage  in  the  stockpile. 
wet  weather  during  harvest  may  be  expected  to  increase  the 
quantity  of  soil  carried  on  the  beets. 

Suspended  solids  are  most  variable,  with 
values  as  high  as  4,300   and  as  low  as  80  0  ppm.  having  been 
observed.    Flume  water  BOD  normally  varies  between  150  ppw. 

AND  250  PPM.  BUT  MAY  TRIPLE  IN  CONCENTRATION  WHEN  TRANSPORTING 
FROZEN  OR  ROTTEN  BEETS.  THE  VOLUME  OF  FLUME  WATER  AT  DIFFER- 
ENT FACTORIES   RANGES  FROM  2,100  TO  3,100  GAL.   PER  TON  OF  BEETS. 
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TABLE  I  -  Representative  Values  of  Character  and  Volume  or  Beet  Sugar  Manufacturing  Wastes 


Waste 

Flume  water  , 

Pulp  screen  water: 

Bottom  dump  cell-type  diffuser,. 
Side  dump  cell-type  diffuser.... 
Continuous  diffuser'... 

Pulp  press  water 

Pulp  silo  drainage. 

Lime  cake  slurry ,, 

Lime  cake  lagoon  effluent 

Barometric  condenser  water 


Flow,  per      B.O.D.  s-0 

Tom  of  Beets   5-Day,  20°C.   Susp.Sol.    pe 

(gal.)        (ppm)       (ppm)     Bee 


2,600 

240 

1,420 

400 

180 
210 

90 

75 

2,000 


210 

980 
500 
910 
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1 

,020 

420 
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,000 

450 

ay  B.O.D. 

R  TON  OF 

ts  Sliced 
(lb) 

4.5 

2.0 
5.9 
3.0 

2.6 
12.3 

6.5 

0.89 

0.67 


Water-Transported  pulp  in  lieu  of  mechanical  conveyor. 


PULP  SCREEN  WATER 
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Pulp  screen  water  is  drained  from  the  pulp 
through  a  screen.    it  is  comprised  of  water  contained  in 
each  cell  when  it  is  isolated  from  the  diffusion  circuit  for 

DUMPING,   PLUS  WATER  USED  TO  FLUSH  OUT  THE  CELLS,  AND   IN 
CERTAIN   CASES,  WATER  ADDED  TO  CREATE  A  PULP  SUSPENSION,   OR- 
GANIC MATERIAL  IN  COLLOIDAL  SUSPENSION,   AND  A  COMPARATIVELY 

large  amount  of  sugar  and  other  organic  material  in  solution. 
The  sucrose  content  may  be  expected  to  vary  between  300  to 
600  ppu,        a  small  amount  of  sand  from  the  beets  is  also 

PRESENT.     This  WASTE  HAS  A  TEMPERATURE  OF  ABOUT  50 °C  . 

THE  CONCENTRATION   OF   THE  WASTE   IS   DEPENDENT 
TO  A  CONSIDERABLE  EXTENT  ON  THE  TYPE  OF  DIFFUSER  AND  THE  EF- 
FICIENCY OF  THE  PULP  SCREEN.     DlFFUSERS  REQUIRING  LARGE 
VOLUMES  OF  WASH   WATER  GIVE  A  RELATIVELY   DILUTE1  WASTE,   BUT  THE 
OVERALL  POLLUTION  LOAD   IS   INCREASED.       THE  BOD  VARIES  BETWEEN 
500  AND   1,000  PPM,   DEPENDING  ON   THE  TYPE   OF   DIFFUSER.    THE 
BOD  OF  DAILY  COMPOSITES  MAY   VARY   AS  MUCH   AS  50  PER   CENT   FROM 
THE   AVERAGE.      PULP   SCREEN   WATER   FROM  ONE   PLANT  WITH   BOTTOM 
DUMP  DIFFUSER  CELLS  HAD  AN   AVERAGE  5-DAY  BOD  OF   980  PPM  FOLLOW- 
ING SCREENING  THROUGH  A  30-BY  40-  MESH   VIBRATING  SCREEN   (2). 


PULP  PRESS  WATER 

at  factories  where  pulp  is  dried,  the  scre- 
ened pulp  is  further  dewatered  in  presses  before  drying. 
Water  pressed  from  the  pulp  constitutes  pulp  press  water. 
The  characteristics  of  pulp  press  water  vary  with  the  physical 
quality  of  the  pulp.    They  are  similar  to  pulp  screen  water 

WITH   SOMEWHAT  HIGHER  SOLIDS  AND  BOD.     The  SUCROSE  CONTENT  MAY 
AVERAGE  AS  MUCH  AS  2,100    PPM.     PULP  PRESS  WATER  AMOUNTS  TO 
SOME   180  GALLONS  PER  TON  OF  BEETS,  WITH   A  BOD  AVERAGING   1,700 
PPM, 


PULP  SILO  DRAINAGE 

PULP  SILO  LIQUOR  DRAINS   FROM  WET  PULP  DURING 
STORAGE   IN  OPEN  SILOS.     THE   VOLUME   VARIES   WITH   THE  QUANTITY 
OF   PULP  STORED,   EFFICIENCY  OF   THE   PULP   SCREEN,   FERMENTATION, 
AND   RAINFALL.     THE  VOLUME  PER  TON  OF  BEETS  AT  TWO  FACTORIES 
AVERAGED   165  AND  270  GALLONS   RESPECTIVELY.     D A  I LY  FLOW  VARIED 
AS   MUCH   AS  30   PER   CENT   FROM   THESE   AVERAGE   VALUES.      THE   BOD   OF 
THESE  SAME  WASTES   AVERAGED  8,800  AND  6,000  PPM,   RESPECTIVELY, 

with  daily  composites  varying  as  much  as  50  per  cent  from  the 
averages.    organic  acids  of  decomposition  create  a  ph  of 
about  4  in  this  waste, 

Pulp  silo  drainage  is  the  one  waste  which 
does  not  cease  at  the  end  of  factory  operation.    i n  fact,  it 
may  become  more  concentrated  if  pulp  remains  in  the  silo  until 

WARM  WEATHER.     DATA  GIVEN   IN  TaBLE   I   FOR  SILO  DRAINAGE  ARE 
FOR  THE   PERIOD  THE  FACTORIES  WERE  OPERATING   (2). 


LIME  CAKE  SLURRY 
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Lime  cake  forms  when  lime-treated  and  car- 
is  FILTERED.      IT   IS  COMMON  PRACTICE  TO  DILUTE 
WATER  TO  FORM  A  SLURRY  WHICH  CAN  BE  PUMPED. 
WATER  AODEO  TO  THE  CAKE  IS  DEPENDENT  TO  SOME 
TYPE  OF  FILTER  AND  THE  OPERATOR.     THESE  FACT- 
ORS MUST  BE  CONSIDERED   IN  COMPARING  VOLUMES  AND  CONCENTRATIONS 
OF   THE  WASTE.     LlME  CAKE  WASTE  HAS  BEEN  REPORTED  TO   RANGE 

from  6,850  ppm  to  10,250  ppm  BOD,  and  from  107,000  to  137,000 

PPM.   SUSPENDED  SOLIDS.     THE  PH  OF  THE  WASTE   IS  ABOUT  11.7. 


bona! ed  juice 
the  cke  with 
The  amount  of 
extent  on  the 


Available  oata  indicate  Steffen  house  lime 
cake  slurry  to  have  a  somewhat  higher  bod  value  per  ton  of 
beets  than  for  a  straight  house.    this  suggests  materials 
return  with  the  saccharate  from  the  steffen  process  which  are 
removed  in  the  lime  cake.    accepting  this  premise,  it  will 
be  evident  that  lime  cake  waste  from  a  steffen  house  will  be 
influenced  by  the  amount  of  molasses  worked. 

STEFFEN  WASTE 

The  filtrate  produced  in  filtering  saccharate 
cake  from  lime-treated  diluted  molasses  in  the  steffen  process 
is  known  as  "Steffen  Waste".    Because  Steffen  plants  process  . 

VARYING  AMOUNTS  OF  FOREIGN  MOLASSES   IN   ADDITION  TO   THEIR  OWN, 
IT   IS  DESIRABLE  TO   EXPRESS  STEFFEN  WASTE  ON  THE  BASIS  OF  MOLAS- 
SES worked.    Steffen  waste  is  reasonably  uniform  in  volume  and 
concentration,  as  will  be  appreciated  from  the  following  con- 
siderations. 

Beet  sugar  molasses  contains  60  per  cent  to 
63  per  cent  sucrose  (sugar),  dry  SOLIDS  basis.    The  relation 

BETWEEN   SUGARS   AND  NON-SUGARS  HOLDS  WHETHER  THE  MOLASSES   IS 
PRODUCED   IN  A   STRAIGHT   HOUSE   OR  A  STEFFEN   PLANT.    On  A   TOTAL 
WEIGHT   BASIS,  MOLASSES   IS  ABOUT  50  PER  CENT  SUCROSE.      It   IS 
CUSTOMARY   IN  THE   INDUSTRY  TO   CONVERT  MOLASSES  TO  A  50  PER  CENT 
SUCROSE  BASIS,  WHICH  LIKEWISE   REDUCES   THE  NON-SUGARS  TO  A   COM- 
MON  BASIS. 


In  Steffen  house  operation,  the  calcium  sac- 
charate RETURNED  TO  PROCESS  CARRIES  WITH   IT   INSEPARABLE  NON- 
SUGARS.    These  no n- sugars  tend  to  accumulate  in  the  Steffen 

HOUSE  MOLASSES,   AND,   IF  NOT  ELIMINATED  FROM  THE  SYSTEM,   EVENT- 
UALLY  INTERFERE  WITH  SUGAR  CRYSTALLIZATION  AND   REFINING.     A 
FAIR   DEGREE  OF  UNIFORMITY   IN  MOLASSES  WORKED  BY  THE  STEFFEN 
PROCESS   IS  ACHIEVED  BY  CORRELATING  THE  AMOUNT  OF  FOREIGN  MOL- 
ASSES  INTAKE  WITH  STEFFEN  MOLASSES  MARKETED. 

Approximately  II  tons  (2,640  gal.)  of  Steffen 

WASTE  ARE  PRODUCED  FOR   EACH  TON   OF  MOLASSES  WORKED.    THE  PH 
MAY   BE  AS   HIGH   AS   12.6.     DATA   IN  TABLE   II   APPLY  TO  STEFFEN 
PLANTS  EMPLOYING  THE  COMBINATION,   COLD  AND  HOT,   SACCHARATE 
PROCESS. 
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TABLE  II  -  Steffen  Waste  Character  and  Volume 


Flow,  per 

ton  OF 
Molasses ' 
Processed 
(  gal. ) 


B.O.D. 

5-Day 

20°C. 

(  PPM  ) 


Total 
Sol, 

(  ppm) 


Susp. 
Sol. 

(  PPM  ) 


5-Day 
B.O.D. 
per  Ton  of 
Molasses 
Worked 
(lb.) 


2,640       10,500     25,000  -  40,000   100  -  700     231 

I  Converted  to  50  per  cent  sucrose  (sugar)  basis. 


BAROMETRIC  CONDENSER  WATER 

Barometric  condenser  water  comes  from  the 
multiple-effect  evaporators  and  vacuum  pans.    This  waste  is 
comparable  to  flume  water  in  volume,  but  is  relatively  low 
in  pollutional  material.    Entrainment  from  the  last  effect 
varies  with  evaporator  design  and  operation.    evaporator 
condensates  not  re-used  in  process  and  heated  water  from 
other  sources  may  be  discharged  along  with  barometric  conden- 
SER water.    Evaporation  of  Steffen  waste  produces  additional 

CONDENSER  WATER. 


MISCELLANEOUS  WASTES 


Other  wastes  of  a  comparatively  minor  nature 
are  those  from  washing  filter  cloths,  equipment,  and  floors, 
and  from  the  testing  and  control  laboratory.    sanitary  sewage 
should  be  separated  from  process  wastes. 


POLLUTIONAL  EFFECTS 

Liquid  wastes  from  manufacture  of  beet  sugar 
are  similar  to  those  from  other  food  processing  industries. 
Oxygen  depletion  and  sludge  desposits  are  common  damages  to  the 
receiving  waters,    detruction  of  normal  aquatic  life  and  sev- 
ere odor  nuisances  have  resulted  from  promiscuous  discharge  of 
these  wastes.    the  high  lime  content  of  beet  sugar  wastes  may 
impart  sufficient  hardness  to  the  receiving  water  to  be  detri- 
mental to  its  subsequent  use.     relatively  h i g h - t e m p e r a t u r e 
waste,  such  as  barometric  condenser  water,  may  raise  the  temper- 
ature of  the  stream  thereby  decreasing  its  oxygen  carrying  cap- 
acity as  well  as  encouraging  growth  of  "sewage  fungus11. 


WASTE  REDUCTION 


A  DETAILED  DISCUSSION   OF   REMEDIAL  MEASURES 
WITHIN  THE  PLANT   IS  BEYOND  THE   SCOPE  OF  THIS  PAPER.    HOWEVER, 
RECENT  SUCCESSFUL  DEVELOPMENTS   IN  CANADA   AND   THE  UNITED  STATES 
ARE  CONSIDERED  WORTHY  OF  MENTION   INASMUCH   AS   THEY  HAVE  DIRECT 


-  57  - 

BEARING  ON  THE  WASTE  CONTROL-POLLUTION   ABATEMENT   PROGRAM  OF 
THE   INDUSTRY. 


PRESS    AND    PULP    SCREEN   WATER    RETURN 


RETU 
FUSE 
CELL 
OF  F 
I  N  T 
UM  0 
SUBS 
I  CED 
EMPL 
B  ACT 
SC  RE 
PLAN 


R  N  I  NG  U 
R  AT  CH 
S  OF  TH 
ORMALOE 
HE  0  »  FF 
F  65°C. 
T A  NT  I  AT 

8Y  AT 
OYS   ELE 
ER I AL  C 
EN   W A  T  E 
TS   I  N  T 


NTRE 
A  T  H  A 
E  0  I 
HYDE 
USER 
B 
ED  B 
LEAS 
V  A  T  E 
ONT  R 
R  A  R 
HE  S 


H 
ATEO 
M,  0 
FFUS 

TO 

WAT 
ENEF 
Y  OP 
T  TW 
D  TE 
OL  { 
E  RE 
TATE 


RUDK 
PRE 
NT  AR 
ER  W 
THE 
ER  S 
I  TS 
ERAT 

0  BE 
MPER 

1  ). 
PORT 
S. 


A  HAS  DEMONSTRATED  THE  FEASIBILITY  OF 
SS  WATER  DIRECTLY  TO  A  CONTINUOUS  DIF- 

io  (3).    Acid  conditions  in  the  middle 
ere  controlled  by  intermittent  addition 
press  water  return  tank.    temperature 
upply.  tank  averaged  55°c .   with  a  maxim- 
derived  from  this  practice  have  been 
ion  oata.    Press  water  reuse  is  pract- 
et  sugar  plants  in  the  states;   one 
ature  and  the  other  chlorination  for 

In  addition,  combined  press  and  pulp 
ed  chlorinated  and  reused  at  three 


STEFFEN  WASTE  RECOVERY 

STEFFEN  WASTE   IS  CONCENTRATED   IN  MULTIPLE 
EFFECT   EVAPORATORS   IN   AT  LEAST  ONE   PLANT   IN  THE  STATES   (4). 
THE  SYRUP   IS  MIXED  WITH   AND   DRIED  ON   BEET   PULP  THEREBY  ENHANC- 
ING  ITS   VALUE   AS  STOCK  FOOD.     THIS  RECOVERY   PROCESS  HAS  BEEN 
REPORTED  ECONOMICALLY  SOUND.     END  LIQUOR  FROM   PRODUCTION  OF 
MONOSOOIUM  GLUTAMATE  CAN   BE  RECOVERED   IN  LIKE   MANNER. 

INDIVIDUAL  WASTE  TREATMENT 

IT   IS  FREQUENTLY  DESIRABLE   TO  TREAT   MAJOR 
PROCESS  WASTES  SEPARATELY.     Th  I  S  PROCEpURE   PERMITS  STEP-WISE 
REDUCTION   OF  THE   POLLUTION  LOAD  AND   POSSESSES   THE   INHERENT 
ADVANTAGE   OF  WORKING  WITH   A  MINIMUM  VOLUME.     TEMPORARY   STOR- 
AGE MAY   SE   INDICATED  BECAUSE  SEASONAL   OPERATION  CAUSES   OVER- 
HEAD  TO   BE   COSTLY  FOR   TREATMENT  OF   THE  WASTES  AS   PRODUCED. 


FLUME  WATER 

Treatment  consists  of  screening,  grit  re- 
moval,  SEDIMENTATION  WITH  OR  WITHOUT  COAGULANTS   IN  TANKS 
EQUIPPED  FOR   CONTINUOUS   SLUDGE   REMOVAL,   AND   EITHZRVACUUM   FIL- 
TERS  OR   SLUOGE   PONDS.     A   RETENTION   OF   80  MINUTES   IN   THE  SED- 
IMENTATION BASIN   HAS  BEEN   RECOMMENDEO.     REMOVALS  BY  THIS 
TREATMENT  HAVE   BEEN   REPORTED  AS   HIGH  AS  92   PER   CENT  SUSPENDED 
SOLIDS  AND  42  PER  CENT  5-OAY  BOD   (5).     STEFFEN  WASTE   HAS 
BEEN  REPORTEO  SATISFACTORY  AS  A  COAGULANT  FOR  FLUME  WATER. 


LIME  CAKE  SLURRY 


This  waste  is  commonly  stored 
viding  several  days  0etenti0n.  such  treatment 
tically  all  of  the  suspended  solids  and  gives  a 

REDUCTION   OF  BOD.     The  VOLUME   OF   THIS  WASTE   IS 
OONING   FOR   THE  ENTIRE  SEASON   IS  FEASIBLE. 


I  N  PONDS   PRO- 
REMOVES  PRAC- 
SUBSTANT I AL 
SUCH  THAT  LAG- 


PULP  SCREEN  WATER  AND  PULP  PRESS  WATER 

Even  though  re-use  of  this  process  waste 
as  diffusion  battery  water  supply  should  be  generally  accepted, 
such  a  process  modification  will  be  gradual  in  the  industry  and 
these  wastes  must  be  reckoned  with  in  the  interim.    fine  scre- 
ening materially  reduces  the  concentration  of  these  wastes  and 
yields  quantities  of  pulp  having  economic  significance.    vi- 
brating screens  (30-  by  40-  mesh)  have  been  successfully  empl- 
oyed,   this  type   of  screen  has  a  capacity  for  screening  22 
gallons  per  square  foot  per  minute  of  these  wastes. 

Coagulation  of  pulp  screen  and  pulp  press 
water  with  lime  has  been  practiced,  using  a  dosage  of  500  ppm. 
to  600  ppm,  CaO.    Lime  treatment  requires  a  chemical  feeder, 
mixing  chamber,  coagulation  tank,  sedimentation  basin,  and 
sludge  disposal  facilities.    coagulation  for  20  to  30  minutes 
and  a  settling  period  of  2  hours  has  been  recommended.    such 
treatment  produces  a  water-clear  effluent  and  bod  reductions 
as  high  as  47  per  cent  are  reported.    other  studies  have 
shown  as  low  as  30  per  cent  average  5-day  bod  reduction  for 

LIME   TREATMENT.      In  ANY  EVENT,   THE  EFFLUENT   IS  STILL  HIGHLY 
OBJECTIONABLE,   IN  THAT   THE  BOD   REMAINING   IS   HIGH   AND   THE 
TREATED  WASTE   IS  CAUSTIC,   CONTAINING   CONSIDERABLE   CALCIUM. 


COMBINED  PROCESS  WASTES  TREATMENT 

IT   IS  NOT  UNCOMMON  THAT  WASTE   REDUCTION  RE- 
QUIREMENTS DICTATE  SOME  DEGREE  OF   TREATMENT  FOR  EACH  OF  THE 
PRINCIPAL  WASTES.     UNDER   THESE   CONDITIONS,   COMBINING  THE 
WASTES   FOR  TREATMENT   RATHER   THAN   SEPARATE  HANDLING  MAY  WELL 
PROVE   TO  BE  THE  MOST   ECONOMICAL   PROCEDURE  AND  FREQUENTLY   IT 
WILL   BE  THE  MOST  CONVENIENT.     RECENT   BEET   SUGAR  WASTE   TREAT- 
MENT STUOIES   IN  THE  STATES  HAVE   INCLUDED  LAGOONING  AND   BROAD 
FIELD  APPLICATION,   BOTH  ON  PLANT   SCALE.     BIOLOGICAL  FILTERS 
HAVE   PROVEN  SATISFACTORY   ON  PILOT   PLANT  SCALE   IN  GREAT  BRITAIN. 

LAGCON  DISPOSAL 

Disposal  of  beet  sugar  wastes  by  the  lagoon 
method  has  been  practiced  for  years  as  a  pollution  abatement 
measure.    the  system  has  been  recognized  as  a  means  of  remov- 
ing settleable  solids  and  of  permitting  controlled  release  when 
there  was  adequate  dilution.    this  method  has  been  employed 
with  limited  knowledge  of  factors  influencing  natural  purific- 
ation and  the  degree  of  stabilization  realized  during  storage. 


The  Minnesota  Department  of  Health,  Division 
of  Water  Pollution  Control  recently  completed  a  comprehensive 
study  of  beet  sugar  waste  disposal  by  lagooning  (6).    this 
investigational  research  was  conducted  in  co-operation  with  the 
American  Crystal  Sugar  Company  at  the  Moorhead,  Minnesota  plant 

DURING  AND  FOLLOWING  THE   1949,   1950,   AND   195  1   SEASONS.     The 

member  states  of  the  missouri  rlver  basin  sanitation  agreement 
and  the  Public  Health  Service  were  co-sponsors  of  the  project. 

The  MOST  EXTENSIVE  WASTE  STUDIES  WERE  MADE  DURING  THE   1950 
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CAMPAIGN 
THE   195! 


WITH  THE   1949  WORK   BEING  ESSENTIALLY   EXPLORATORY  AND 
WORK   LARGELY  CONFIRMATORY, 


The  Moor head  plant,  with  a  rated  capacity 
of  28  0  tons  of  sugar  beets  per  day,  was  placed  in  operation 
in  1943.    This  is  a  strictly  modern  refinery  with  a  21-cell 
continuous  counterflow  oiffuser.    Three  waste  disposal  lag- 
oons were  provided.    Two  of  these,  designated  "South"  and 
"North"  lagoons,  are  of  the  same  size.    They  have  a  total 
area  of  81  acres  and  a  combined  capacity  of  335  million  gallons 
when  filled  to  a  depth  of  12  feet.    The  third  is  a  reserve, 
shallow  lagoon  with  an  area  of  50  acres  and  a  capacity  of  50 

MILLION     GALLONS.  DISCHARGE      FROM      THE      LAGOONS      IS      THROUGH      A 

COUNTY      DITCH      TO     THE     RED     R|VER     OF     THE     NORTH. 

During  79  days  of  the  1950  season,  these 

DISPOSAL  LAGOONS   RECEIVED  422  MILLION  GALLONS   (MG)   OF  WASTE. 

This  was  composed  of  4  04  MG  flume  water  and  18  MG  from  the 

PULP  PRESSES.     An  ADDITIONAL   14  MG  PULP  PRESS  WATER  WERE 
USED  TO   FLUME   LIME   CAKE   SLURRY  TO   A   SEPARATE  LIME   DISPOSAL 
PONO.      ThFSC   WASTE  VOLUMES  GIVE  UNIT  VALUES   OF   1710  GALLONS 
FLUME  WATER   AND   134  GALLONS  PULP  PRESS  WATER  PER  TON  OF  BEETS 
SL I CED. 

Daily  composite  samples  throughout  the  1950 
campaign  were  analyzed  from  the  pulp  press  water  and  the  com- 

ined  flume  and  press  water  as  discharged  to  the  lagoons.   the 
waste  in  the  south  lagoon  was  sampled  every  second  or  third 
day  during  the  1950  season  and  monthly  thereafter  until  the 

ICE   BREAK-UP   IN  APRIL   1951.      In   ADDITION  TO   SANITARY   ANALYSES 
Of   THE   WASTES,   LABORATORY  EXPERIMENTS  WERE   CONDUCTED  WITH 
DIALYSIS,   PH   ADJUSTMENT,   FREEZING,   AND   EXTENDED   STORAGE. 
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Results  of  lagoon  studies  during  the  1950 

CAMPAIGN   INDICATED   THAT   53   PER   CENT  OF   THE   5-DAY   B.O.D.,   87 
PER   CENT  OF   THE   TOTAL  SOLIDS,   AND  97  PER   CENT   OF   THE   SUSPENDED 
SOLIDS   WERE  REMOVED  FROM  THE  WASTES  BY  LAGOONING.     REMOVAL  OF 
B.O.D.   VARIED  FROM  58  PER  CENT   DURING  THE   FIRST   QUARTER   OF  THE 
SEASON   TO  48  PER  CENT  FOR  THE   LAST   QUARTER.     THIS  OECREASE   IN 
EFFICIENCY   TOWARO   THE  END   OF   THE   SEASON  WAS  ASSOCIATED  WITH 
INCREASE   IN  THE   RATIO  OF   SOLUBLE   TO   NON-SOLUBLE  CONSTITUENTS 
IN   THE   RAW  WASTES  AND   THE   INHIBITING   EFFECT   OF  LOWER   TEMPER- 
ATURES ON  ANY  BIOLOGICAL   OXIDATION   THAT  MAY   HAVE  BEEN  OCCURRING 


-  60  - 


THE 

OONS 

DUR  I 

TECT 

AND 

I  NCR 

WE  RE 

APPE 

RED  U 

FREE 

FROM 

THIS 

MOV  A 

DUCT 


CAMP 

WAS 

NG  T 

ED   I 

Ch  EM 

EASE 

OFF 

ARED 

C  I  N  G 

ZING 

TH  I 

LAT 

L  OF 

ION 


A  I  GN 

APP 

HE   W 

N   TH 

I  C  AL 

S   I  N 

SET 

TO 

THE 

TEM 

S  WO 

I  TUD 

SUS 

I  N  5 


THE  A 
ROX  I  MA 
INTER 
E  TOTA 

OXYGE 

THE  M 
WHEN  C 
BE  LIT 

CO  NCE 
PERATU 
RK  THA 
E,  COU 
PENOED 
-DAY  B 


The  d 
mount 

TELY 

STOR  A 
L  QUA 
N  DEM 
EASUR 
ORREC 
TLE  0 
NT  RAT 
RES  I 
T  LAG 
LD  BE 
SOLI 
.0.0. 


ATA  REV 
OF  5-D 
HALF  TH 
GE  PERI 
NT  I  T I ES 
AND  (C . 
ED  CONC 
T  I  ON  S  W 
R  NO  B  I 
ION  OF 
N  THESE 
OON  T  RE 
EXPECT 
OS   AND 


EALED 

AY  B.O 

E  AMOU 

OD,   NO 

OF  5- 

O.D.  ) 

EN  TR AT 
ERE  MA 
OLOG  I  C 

THE  WA 
LAG  00 
ATMENT 
ED  TO 
A  P  PROX 


THAT   AT  ANY   TIME   DURING 
.0.   REMAINING   IN   THE   LAG- 
NT   THAT  HAD   SEEN   ADDED. 

MATERIAL  CHANGE  WAS  DE- 
CAY B.O.D.,  TOTAL  SOLIDS, 
IN  THE  LAGOON.  APPARENT 
IONS  OF  THESE  CONSTITUENTS 
DE  FOR  ICE  COVER.  THERE 
AL  ACTIVITY  EFFECTIVE  IN 
STE  AT  THE  NEAR  OR  BELOW 
NS.      IT  WAS  CONCLUDED 

OF  BEET  SUGAR  WASTES,   AT 
GIVE    VERY  EFFICIENT  RE- 
IMATELY  50  PER  CENT  RE- 


BROAD  FIELD  APPLICATION 


ment  was  investig 
Sugar  Compa  ny  in 
view  of  the  tech  n 
plants  visi  ted  i  n 
at  elsdorf,  germa 
water  and  lime  c  a 
des i lt i ng  ponos  f 
plot  was  placed  i 
the  grass,  suff  i  c 
The  Elsdorf  treat 
B.O.D.  to  15  ppm 


European  practice  in  beet  sugar  waste  treat- 
ated  by  a  representative  of  The  Great  Western 
the  fall  of  1950.    This  was  one  phase  of  re- 
ology  of  beet  sugar  manufacture  at  several 

England  and  on  the  Continent.  Observations 
nyt  indicated  satisfactory  treatment  for  flume 
ke  slurry  by  means  of  a  series  of  shallow 
ollowed  by  flow  over  grassy  plots.  a  new 
n  service  each  hour  in  order  not  to  drown  out 
ient  plots  being  provided  to  permit  rotation, 
ment  system  was  reported  to  reduce  the  5-day 


Based  on  these  observations,  The  Great  West- 
ern Sugar  Company  conducteo  large  scale  waste  treatment  studies 
at  the  lovelan0,  colorado  steffen  house  beet  sugar  factory  dur- 
ing the  1951  season.    two  grassy  plots,  each  75  feet  wide  by 
1100  feet  long,  were  used  in  conjunction  with  a  settling  pond, 
one  plot  receiveo  settled  waste  at  the. rate  of  i  cfs  and  the 
other  at  a  rate  of  1/2  cfs.    the  5-oay  b.o.d.  of  the  settled 
waste  was  reported  as  604  ppm.    the  effluent  from  the  plot 
receiving  1/2  cfs  had  an  average  5-day  b.o.d.  of  415  ppm.  indic- 
ating 31  per  cent  reduction.    although  the  results  accomplished 
at  lovelano  did  not  approach  those  reported  at  elsdorf,  germany, 
it  was  thought  that  more  complete  treatment  could  be  realized 
from  improved  distribution  and  other  refinements.    accordingly, 
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THE   COMPANY  DECIDED  TO  TRY  THIS   SYSTEM  OF  TREATMENT  ON   PLANT 
SCALE   AT   THE  BAYARD,   NEBRASKA   BEET  SUGAR   REFINERY. 
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The  Bayard  plant  is  a  typical  Straj 
ed  capacity  of  1850  tons  of  beets  per  day, 
lude  flume  and  beet  wash  water,  pulp. screen 
water,  and  lime  cake  slurry.  the  waste  t 
ists  of  a  rectangular  tract  of  land  175  0  fe 
eet  long.  the  area  was  first  used  for  was 
g  the  19  52  campaign.  limited  analytical  w 
f  1952,  on  the  part  of  the  company,  showed 
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Process. wastes  from  this  plant  are  discharged 

GE   DITCH   TO  THE  NORTH   PLATTE  RlVER.     FLOW   IN  THE 

BEET   SUGAR  SEASON   WAS   REPORTED   AS  36   CFS  AND 
RGE  AT  THE   RAILROAD  BRIDGE   APPROXIMATELY  2-1/4 
RD   AVERAGED   1220  CFS.     DURING  THE   PERIOD  OF 

PRESS  WATER  WAS  DISCHARGED  DIRECTLY  TO  THE 
HROUGH   A  SEPARATE   SEWER.     ALL  OTHER  PROCESS 

WASTE  CANAL  FROM  WHICH  THEY  WERE  PUM'PED  TO  A 
ME   HAVING  4   INCH   OUTLET   PIPES  TO  THE  FIELD. 
ROSS  THE   GRASSY  SURFACE,   THE  WASTE   WAS   COLLECTED 

IN  A   CANAL  AND  DISCHARGED  TO  THE   DITCH.    EFFLU- 
ATMENT   PLOT  FLOWED  SOME  6000  FEET  TO  NORTH 


On  a  pounds  B.O.D.  basis,  68  per  cent  of  the 
wastes  produced  were  applied  to  the  treatment  plot,  18  per  cent 
were  discharged  directly,  and  the  remainder  inadvertently  reached 
the  ditch  untreated.    applied  waste  had  an  average  5-day  b.o.d. 
of  483  ppm  while  the  effluent  from  the  field  averaged  158  ppm. 
3.0.0.    Waste  volume  to  the  field  was  4.3  cfs,  but  only  3.5  cfs 
were  discharged  from  the  field;   the  difference  was  attributed 
to  seepage  and  evaporation.    the  average  retention  on  the  field 

WAS  DETERMINED  BY  CHLORIDE  TESTS   TO   BE.  14.5  HOURS.     Th E  B.0.0. 
REMOVAL   IN   PPM   WAS   67   PER   CENT,   HOWEVER,   OVER   73   PER   CENT   OF   THE 
,'OUNOS  B.O.D.   APPLIED   REMAINED   ON   THE  FIELD.     SUSPENDED  SOLIDS 
REMOVAL  EXCEEDED  99  PER   CENT. 

THE  GRASSLAND  FIELD  ACTED  PRIMARILY  AS  A  SET- 
TLING AREA  WITH  SUPPLEMENTAL  BIOLOGICAL  OXIDATION.  SETTLEABLE 
SOLIDS  WERE  REMOVED   IN   THE   UPPER   QUARTER   OF   THE   FIELD  C 0  I  N C  I  D E N T A L LY 


~ 
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with  60  per  cent  reduction  of  b  .  0 . 0 .    biological  action  in 
the  lower  three  quarters  of  the  plot  resulted  in  an  additional 
7  per  cent  b.0.0.  removal  and  about  10  per  cent  reduction  in 
oissolved  solids.    the  lime  slurry  may  have  caused  some 
chemical  precipitation  of  finely  divided  solids  though  this 
action  appeared  negligible,    the  area  was  relatively  free 
from  odor.    algal  and  protozoan  growths  were  present  in 
large  numbers,  but  short  circuiting  and  channeling  of  wastes 
prevented  their  full  utilization.    improved  distribution 
and  levelling  should  increase  the  overall  efficiency  of 
treatment  for  this  grassland  area. 

The  drainage  ditch  above  the  beet  sugar 
plant  had  an  average  oissolved  oxygen  concentration  of 
9.89  p. p.m.  which  represented  99  per  cent  saturation.    the 
treated  and  untreated  beet  sugar  wastes  reduced  the  d.o.  in 
this  ditch  water  to  a  minimum  of  4-.  19  p. p.m.    stream  anal- 
yses confirmed  the  degree  of  treatment  observed  for  the 
grassland  treatment  field. 


BRITISH  RESEARCH 

The  British  Water  Pollution  Research  Lab- 
oratory  HAS  REPORTED  SATISFACTORY   PILOT   PLANT  TREATMENT  OF 

lagooneo  beet  sugar  wastes  by  biological  filtration  (8). 
Experimental  work  was  performed  with  recirculated  flume  water 
containing  about  2  per  cent  process  wastes  (pulp  screen  and 

PRESS  WATER)   AT  BOTH   STANDARD   AND  H  I  G H -C A P A C I T Y   RATES.    Th E 

experimental  filter  was  12  feet  in  diameter  and  6  feet  deep. 

This  experimental  work  demonstrated  that 
settled  flume  water  was  amenable  to  biological  filtration 
and  that  this  treatment  could  be  relied  on  to  consistently 

GIVE  A  TREATED  WASTE  WITH  A  5-DAY  B.O.D.   LESS  THAN  20  P. P.M. 

The  British  concluded  from  this  research  that,  if  settled 
waste  waters  were  treated  continuously  throughout  the  year, 
a  biological  filter  60  feet  in  diameter  and  6  feet  deep  should 
8e  adequate  for  treating  residual  wastes  from  a  factory  slic- 
ing 2,000  tons  of  beets  per  day  (9).    this  system  still  re- 
quires extended  storage  of  a  large  volume  of  waste. 


SUMMARY 


Seasonal  operation  makes  it  imperative  that 
capital  expenditures  for  treatment  of  beet  sugar  wastes  be 

n  T    f\         "T     U    C  AOCnltlTC  U    I     hi     I    U    I  I   U  Tu     I    (?  r    »     ^tao  .-,    i        .     ^    r-    ,-  .  rv   <-*   r-  &*    i 


HELD  to  the  absolute  minimum. 

ON  waste  reduction  measures  and  reuse. 

grassland  filters  must  necessarily  depend 


0  N  I  N  G   AND 


Thi   factor  places  a  premium 
Application  of  lago- 


■  w        unmwvib.nivi-'        r      i    l.   i    i-   n  w>        i-i  u  o    i  ncv&o^MniL-T         v  c  r  c  [M  u        U  Ft         inc. 

DEGREE   OF  TREATMENT  REQUIRED  AND   THE  AVAILABILITY  OF  SUITABLE 
AREAS,      IN   ANY  EVENT,  THEY  MAY  BE  CONSIDERED  EXPEDIENT  MEAS- 
URES UNTIL   REUSE  OF  PROCESS  WATER   IS  GENERALLY   ACCEPTED  OR 
MORE  SATISFACTORY  TREATMENT  METHODS   ARE   DEVELOPED. 
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Notes    Gallonage  figures  used  in 
this  paper  are  U.S. GALLONS 
not  Imperial.    To  convert 
to  Imperial,  take  5/6  of 
the  u.s.  f | gures. 
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WASTE  PROBLEMS  IN  THE  PULP  AND  PAPER  INDUSTRY 


-  By  - 


G.  H.  TOHLINSON 

Director  of  Research 
Howarp  Smith  Paper  Hills  Ltd 

Cornwall,  Ontario 


The  apparently  ever-increasing  world  demand 
for  pulp  and  paper  products  involving  a  wide  range  of  end-use 
requirements  has  resulted  in  the  development  of  a  large  and 
complex  industry.    thus,  we  find  ourselves  to-day  with  a 
great  number  of  mills  in  widely  differing  locations  using  raw 
materials  ano  processes  which  have  been  found  to  meet  specific 
market  demands,    for  this  reason  the  nature  ano  relative  im- 
portance of  the  waste  problems  vary  greatly  throughout  the 
industry,  and  it  becomes  impossible  to  take  the  specific  solu- 
tion to  some  problem  that  existed  at  one  mill  and  apply  it  to 
all.    Nevertheless  the  principles  involved  may  prove  of 
special  value  in  pointing  to  an  alternative  route. 

it  would  seem  worthwhile,  therefore,  to  list 
in  broad  terms  the  waste  problems  that  beset  the  industry,  to 
examine  the  reasons  that  have  led  to  this  waste,  to  examine 
some  of  the  solutions  that  have  been  found  for  specific  cases, 
and  where  possible  to  indicate  methods  that  might  be  used  in 
other  cases  which  have  yet  to  be  solved. 

the  major  problems  of  material  waste  in  the 
industry  can  be  discussed  under  the  following  headings: 

I.    Waste  due  to  cutting  only  selected  trees  of  selected 
species   (Forest  and  Woodlot) 

2„    Waste  in  limbs,  tops,  etc.   (Forest  and  Woodlot) 

3.  Waste  of  bark   (Forest  or  Pulp  mill) 

4.  Waste  of  a  portion  of  the  wood  in  mechanical 
oebarking   (Pulp  mill) 

5.  Waste  of  slabs,  etc.   (Saw  mill) 
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6.  Waste  of  chemical  fractions  of  the  wood  other  than  cellulose 
(Pulp  mill) 

7.  Waste  of  cellulose  due  to  excessively  drastic  cooking  con- 
ditions  (Pulp  mill) 

8.  Waste  of  digestion  chemicals   (Pulp  mill) 

9.  Waste  of  cellulosic  fibres  through  mechanical  loss  in  pro- 
cessing  (Pulp  mill  and  Paper  mill) 

10.  Waste  of  fillers,  dyes,  sizing  chemicals  in  effluents 
(Paper  mi ll ) 

11.  Waste  in  processing  waste  papers   (Paper  mill) 


The  more  important  waste  problems  in  items 
I  to  5  associated  with  the  handling  of  the  wood  are  common  to 

THE   INDUSTRY  AS  A  WHOLE,  BUT  THE  SPECIFIC  SOLUTION  THAT  WILL  BE 
FOUND  WILL  BE  GREATLY   INFLUENCED  BY  THE   NATURE  AND   LOCALITY   OF 
THE  FOREST  AND  BY  THE  SPECIFIC  PROCESS  SUBSEQUENTLY  EMPLOYED  AT 
THE  MILL.     A  SATISFACTORY  SOLUTION  TO  THESE  WOOD  PROBLEMS   IN  MANY 
CASES  WOULD   INVOLVE  A  GREATER  ECONOMIC  RETURN  THAN  A  SOLUTION  TO 
THOSE   IN   ITEMS  6  TO   II   WHICH   INVOLVE  THE  MORE  APPARENT  POLLUTION 

problems. 

Thus  the  following  discussion  will  review  the 

UNDERLYING   REASONS  FOR  THE  EXISTENCE  OF  THESE  PROBLEMS   IN  RE- 
LATION TO  THE  WOOD   ITSELF  AND  TO  THE   IMPORTANT   INDIVIDUAL  PROCES- 
SES SO  THAT   THE   INTER-RELATIONSHIP  OF  THE   PROBLEMS  WILL  BECOME 
MORE  APPARENT. 

THE   INDUSTRY,  WHICH   IN  CANADA   NOW   INVOLVES  A 
GROSS  ANNUAL   RETURN  OF  OVER  A  BILLION   DOLLARS  WAS  LARGELY  BUILT 
UP  AT   A  TIME  WHEN  LESS   TECHNICAL   INFORMATION  AND  RATHER  DIFFERENT 
ECONOMIC  CONDITIONS  PREVAILED.     THUS   IN  DEALINC  WITH  SPECIFIC 
WASTE  PROBLEMS  AT  ANY  GIVEN  MILL,   SOME   OF  WHICH  MAY   INVOLVE   VERY 
LARGE  CAPITAL  EXPENSE,   IT   IS  NECESSARY  TO   CONSIDER  SUCH  EXPEND- 
ITURE  IN   RELATION  TO  OTHER   PROBLEMS   IN   THE  MILL,   AND   ALSO  TO 
ALTERNATIVE  PROCESSING  THAT  MIGHT  BE  FOLLOWED. 


Basically  one  requires  cellulose  fibre  in  a 

FORM  SUITED  TO  A  SPECIFIC  END  USE,   AND   ITS  METHOD  OF  PRODUCTION 
SHOULO  BE  SUCH  AS   TO  GIVE   IT  AT  THE  LOWEST   POSSIBLE  COST,     OB- 
VIOUSLY,  ELIMINATION  OF  WASTE  WILL  BEAR  AN   IMPORTANT   ROLE   IN 
THIS  PICTURE,  AND  THE  RELATIVE  MERIT   IN  PRODUCING  THE  FIBER  BY 
ANY   GIVEN  ROUTE.     HOWEVER,   IT   IS  NECESSARY  TO  CONSIDER  THIS   IN 
RELATION  TO   RAW  MATERIAL,   ALTERNATE  PROCESSING  ROUTES,  AND  THE 

suitability  of  the  product  to  specific  end  use. 

Cellulose  fiber  provides  an  ideal  substance 

AS  A  BASIS  FOR  THE  SHEETED  MATERIAL  REQUIRED  FOR  THE  MANY  USES 
TO  WHICH  PAPER   IS  APPLIED.     SUCH  FIBER  MAY  BE  OBTAINED,   IN  REL- 
ATIVELY  PURE  STATE,   FROM  COTTON   OR  LINEN,   AND  HAD  THESE  MATERIALS, 
IN  RAG   FORM,   BEEN  AVAILABLE   IN  SUFFICIENT  QUANTITY  FOR  OUR  PRES- 
ENT PAPER  DEMANDS,   AND   AT  LOW  COST,   IT   IS  UNLIKELY   THAT  OUR  WASTE 
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problems  would  warrant  a  discussion  here  to-day, 

Starting  about  100  years  ago  the  alternative 
use  of  wood  was  forced  on  the  industry,  and  fractional  utiliz- 
ation  JF  THE  TREE,  AND  THEREFORE,  WASTE  RESULTED. 

TO  UNDERSTAND  THE  ORIGIN  OF  THIS  WASTE  OR 
POTENTIAL  CO-PRODUCTS  WE  SHOULD  PERHAPS   REVIEW  THE  STRUCTURAL 
AND  CHEMICAL  PORTIONS  OF  THE  TREE. 
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CELLULOSIC   BAST   FIBER   IS  PRESENT   IN  BARK,   BUT 
THE  CELLULOSE  PERCENTAGE   IS  LOWER   THAfc   IN   THE  W 0 0 0,  A N D  MISCELLAN- 
EOUS SUBSTANCES  SUCH  AS  ROSIN,   TANNINS,   FATS,   ETC.   ARE  FOUND   IN 
MUCH  HIGHER  PERCENTAGES. 


Early  in  the  development  of  the  pulp  and  paper 
industry  it  was  found  that  the  trunk  of  the  tree,  after  removal 
of  bark,  formed  the  most  conveniently  handled  and  suitable  mater- 
ial for  pulping.    it  was  also  found  that  the  conifers,  which 
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HAVE  TWO   OR   THREE  TIMES  GREATER  FIBER  LENGTH   THAN  THE  BROAD- 
LEAFED  SPECIES,   GAVE  BETTER  STRENGTH  FOR  ANY  GIVEN  METHOD  OF 
PULPING,      IT  WAS   ALSO  FOUND   THAT   SPRUCE   AND  BALSAM,   WHICH 
CONTAIN  LESS  ROSIN  THAN  PINE  WERE  MORE  EASILY  HANDLED. 
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Dense  harowooos  such  as  birch  have  not  been 
successfully  converted  to  useable  gr0undw00d  since  they  tend  to 
grind  00wn  to  flour-like  fragments.    poplar  and  resinous  con- 
ifers such  as  pine  are  now  finding  limited  use,  but  spruce  and 
balsam  are  still  preferred.    where  cleanliness  of  groundwooo 
pulp  is  required  the  exclusion  of  bark  from  the  log  has  been 
considered  of  importance,  and  portions  of  the  log  containing 
ingrown  bark  around  knots,  etc.  have  been  mechanically  removed 
at  the  mill  before  further  processing.    thus  the  specifications 
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od  mill  have  been  high:  selected  species, 
tively  free  of  knots  and  rot.  therefore, 
operation  has  been  integrated  with  one 

other  process,  considerable  waste  results 
nimization  of  this  forest  waste  requires 

equipment  at  the  mill,   one  line  of  attack 
en  working  in  our  own  laboratory  is  the 
pment  that  will  remove  bark  fragments  from 

operation  depending  on  the  differences  in 
gravity.    Preliminary  results  with  this 
n  as  the  Bauer-Cleaner,  indicates  that  very 
nce  to  bark  in  the  logs  may  be  allowed. 
0  methods  of  mechanical  disintegration 
ewhat  improved  strength  and  greater  utiliz- 


CHEMICAL  PULPING  PROCESSES 

THE  SO-CALLED   CHEMICAL  PULPS  ARE  THOSE   IN 
WHICH  THE  LOG   IS  FIRST  REDUCED   TO  CHIP  FORM,   AND  THEN  DIGESTED, 
AT  ELEVATED  TEMPERATURE  AND  PRESSURE,  WITH  CHEMICALS  WHICH  WILL 
SELECTIVELY   DISSOLVE  THE   INTERFIBER  BINDING  MATERIALS,   THE  LIG- 
NIN   AND   H EM  I  CELLULOSE ,   SO  THAT  THE  FIBERS  WILL   SEPARATE  FROM 
EACH  OTHER.     THE  CELLULOSE   IS  SIMULTANEOUSLY   SUBJECT  TO  CHEM- 
ICAL ATTACK  SO   THAT  THIS  DOES   NOT   CONSTITUTE  A   QUANTITATIVE 
SEPARATION   IN  THE   NORMALLY   IMPLIED  SENSE.     THUS  A   CHEMICAL 
PULPING   DIGESTION  WILL  NORMALLY  BE  STOPPED  WHILE  THE  RESIDUE 
STILL   CONTAINS  APPRECIABLE   AMOUNTS   OF   LlGNIN   AND   H EM  I  C E L LU L 0 S E  . 
If  a  white  PULP   IS  DESIRED  THE  REMAINING  LlGNIN   in  THE  PULP 
WILL  BE   REMOVED  BY   BLEACHING. 


OF  THE  CHEMICAL  PULPING  METHODS  THE  F I R S T TO 
BE  DEVELOPED  WAS  THE  ALKALINE  PROCESS,   INITIALLY  USING  CAUSTIC 
SODA   AND  SODIUM  SULFIDE.     THE  FORMER   IS  KNOWN  AS  THE  SODA   PRO- 
CESS ,  THE  LATTER,   BECAUSE  THE  MIXED  REAGENT   IS  DERIVED  FROM 
SODIUM  SULFATE,   THE   SULFATE  PROCESS.     UNBLEACHED  PULPS  PRO- 
DUCED  BY  EITHER   MODIFICATION  ARE   DARK  BROWN   IN   COLOUR.     ThE 
SULFATE  PROCESS   IS  MILDER   IN  ACTION,  AND  TENDS  TO  GIVE  LESS 
CELLULOSE  DEGRADATION   AND,   THEREFORE,   A   HIGHER  YIELD  AND  BETTER 
STRENGTH  FOR  ANY   GIVEN  DEGREE  OF  D E LI  G N I  F  I C A T  I  0 N  .     THUS  SULFATE 
PULP  FROM  LONG  FIBERED  CONIFEROUS  WOOD  TERMED  KRAFT   GIVES  THE 
STRONGEST  COMMERCIALLY   AVAILABLE   PULP,   AND  THIS   IS  THE  PULP  THAT 
FINDS   USE   IN  CEMENT  BAGS,   GROCERY   SAGS,  WRAPPING   PAPERS,  ETC. 


Until  about  25  years  ago  little  success  was 
obtained  in  bleaching  this  pulp,  but  bleaching  techniques  have 
been  established  and  improved  so  that  to-day  it  is  possible  to 
obtain  high  brightness  pulps  retaining  their  full  strength. 
Improvements  in  pulping  and  bleaching  of  alkaline  pulps  from 
the  short  fibreo  broad-leafed  woods  have  also  resulted  in 
greatly  improved  strength  compared  with  that  formerly  obtained 
so  that  such  pulps  can  be  used  with  advantage  as  major  rather 
than  minor  constituents  in  many  fine  paper  furnishes. 


IT  WOULD  APPEAR   THAT   IN   SPITE   OF  CERTAIN   PROB- 
LEMS THIS  PROCESS   CAN  BE  SUCCESSFULLY   APPLIED  TO   VIRTUALLY   ALL 
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wood  species  available  in  the  temperate  zone,  with  the  long 
fibered  coniferous  woods  giving  top  strength  pulps  and  the 
short  fibered  ■ r 0 a d- l e a f e d  woods  giving  medium  strength  pulps. 
This  process  also  allows  a  reasonable  tolerance  of  bark  and  of 
rot  \f    the  wood.    it,  therefore,  appears  to  offer  special 
promise  in  a  programme  directed  towards  elimination  of  forest 

WASTE. 


The  unbleached  yield  of  pulp  obtained  from 
the  chips  will  range  between  about  43$  and  48%  with  coniferous 
woods,  and  between  about  48%  and  55%  with  the  broad-leafeo  wood 
species.    Approximately  0.5%  to  2.5%  of  the  wood  will  be  insuf- 
ficiently COOKED  TO  ALLOW  READV  DISINTEGRATION  OF  THE  FIBERS 
AND   THIS   MATERIAL   IN   THE   FORM  OF   SHIVES   IS  MECHANICALLY   REMOVED 
FROM  THE   PULP.     THE  BALANCE  OF   THE  WOOD  GOES   INTO  SOLUTION   IN 
THE   COOKING   LIQUOR  AND  THE   RESIDUAL  LIQUOR   IS  TERMED  BLACK 
LI  Q  U  0  R  „ 


Since  the  inception  of  this  industry  it  has 
been  common  practice  to  evaporate  the  liquor,  and  burn  it  for 
the  recovery  of  sodium  salts,  which  are  obtained  as  sodium 
carbonate,  and  sodium  sulfide  in  a  smelt.    this  smelt  is  dis- 
solved in  water  and  treated  with  lime  which  converts  the  car- 
bonate to  caustic  soda,  and  the  lime  to  calcium  carbonate. 

ThE   DECANTED  LIQUOR   IS  THEN   RECYCLED  TO  THE   PROCESS  AS  FRESH 
COOKING  LIQUOR  WHILE  THE   CALCIUM  CARBONATE  MAY   BE   RECONVERTED 
TO  LIME  BY  BURNING   IT   IN   A  KILN,   THUS  GIVING   A  SECOND  CYCLIC 
SYSTEM. 


With  this  recycling  of  chemical  the  cost  of 
production  is  materially  reduced.    the  combustion  of  the  liquor 
involves  special  problems,  and  initially  little  of  the  heat 
value  was  recovered.    over  the  past  twenty  years  considerable 
development  has  taken  place  in  both  furnace  design  and  auxil- 
liary  equipment  with  the  result  that  extremely  high  thermal 
efficiency  may  be  obtained,  of  the  order  of  95%,  and  sufficient 
steam  over  and  above  that  required  for  evaporation  is  now  avail- 
able to  operate  the  mill. 

a  more  efficient  utilization  of  the  wood  could 
be  obtained  if  one  of  the  fractions  contained  in  the  black 
liquor  could  be  isolated,  and  used  for  some  purpose  having  a 
greater  value  than  fuel.    where  resinous  woods  such  as  pine 
are  useo  a  material  known  as  tall-oil  tends  to  separate  on 
evaporation  of  the  liquor,  and  this  product  can  be  converted 
to  products  of  the  type  of  rosin  and  soap.    in  many  cases  the 
quantity  available  is  insufficient  to  warrant  such  conversion, 
and  in  this  case  it  is  burnt  with  the  liquor. 

Since  the  lignin  acts  as  a  stiffening  agent 
IN  THE  tree  it  occurred  to  US  that  if  isolated,  it  might  be 

USED   IN   PLASTICS   AND   OTHER  STRUCTURAL  MATERIALS.     A  METHOD  WAS 
WORKED  OUT   BY   US   FOR   ISOLATING  A   PORTION  OF  THE  LIGNIN   FROM  THE 
BLACK   LIQUOR,   THE  BALANCE   OF  WHICH   GOES  THROUGH  THE   NORMAL  RE- 
COVERY cycle.    This  development  led  to  the  production  of  the 

LAMINATED   PLASTIC   KNOWN   AS   ARBORITE.      ThIS   IS   MADE   BY   IMPREG- 
NATING  PAPER  SHEETS  WITH   RESINS   AND   CONSOLIDATING  THEM  TO  A 
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PLASTIC  BOARD  BY   PRESSING  AT  ABOUT   I50°C  AND  700  LB./SQ.IN. 
PRESSURE.     IN  THE  DECORATIVE  GRADES  THE  PRINTED  BLEACHED 
SURFACE  SHEET   IS   IMPREGNATED  WITH  A  COLOURLESS  RESIN,  WHILE 

the  centre  sheets  consist  of  unbleached  paper  impregnated 
with  a  solution  of  lignin  and  phenolic  resin. 

Other  potential  uses  for  this  lignin  prod- 
uct HAVE  BEEN  DEVELOPED.     ONE,   INVOLVING   ITS  USE  FOR  REIN- 
forcing rubber,  appears  to  offer  rather  major  promise. 
Another  involves  its  use  as  a  dispersing  agent  for  the  prod- 
uction OF  CERAMICS* 

It  is  believed  that  important  developments 
for  selective  utilization  of  non-fibrous  ingredients  of  the 
liquor  can  be  developed,  but  that  these  are  not  likely  to 
equal  the  potential  supply   (in  the  case  of  lignin,  a  half- 
million  tons  per  year  in  canada)  in  the  foreseeable  future. 

in  spite  of  the  excellent  utilization  in- 
herent in  this  process  both  stream  and  air  pollution  problems 
can  exist.   losses  of  black  liquor  in  washing  the  pulp  can 
be  undesirable  if  the  water  course  is  small.    normally  a 
loss  of  about  5$  of  the  liquor  in  this  way  has  been  considered 
normal,  and  recovery  of  the  last  few  percent  would  involve 
considerably  greater  washing  and  evaporating  facilities  than 
are  normally  employed.   moreover,  the  cost  of  evaporation, 
at  least  for  the  last  portions,  would  be  greater  than  the 

VALUE  OF  THE  RECOVERED  CHEMICAL.     TaLL  OIL  SHOULD  NOT  BE  RUN 
TO  THE  RIVER  AS   IT   IS  DETRIMENTAL  TO  FISH   LIFE. 

From  the  air  pollution  standpoint  about  5$ 
of  the  chemical  in  the  recovery  furnace  comes  off  as  a  fume. 
Methods  are  available  for  recovering  this,  using  either  elec- 
trostatic PRECIPITATION  OR  WET  METHODS  OF  SCRUBBING.     THE 
MOST  SERIOUS  POLLUTION  PROBLEM   IS  OOOUR  RESULTING  FROM  HYDRO- 
GEN SULFIDE  AND  MERCAPTAN.     METHODS  TO  ALLEVIATE  THIS   INVOLVE 
CONDENSATION  OF  ALL  VAPOUR  WITH   OXIDATION  OF  CONDENSATE  AND 
OXIDATION  OF  THE  BLACK  LIQUOR  BEFORE  FURTHER  PROCESSING   IN   THE 
RECOVERY  PLANT. 
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ULF  I  TE   PROCESS   IS   THE  OTHER   IMPORTANT 
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IS  A  LIGHT  MANILLA  COLOUR  WHICH 
STRENGTH  WHEN  MADE  FROM  SPRUCE 
F  SULFATE  AND  GROUNOWOOD.    PRIOR 
G  METHODS  FOR  SULFATE  PULPS   IT 
ILE  PULP  AVAILABLE.     In  THE 

sed  directly  to  strengthen  news- 
en  bleached  it  could  be  used  for 
ers.    While  still  useful  for 
i  no  ispensable . 


THE  WOOD   REQUIREMENTS  ARE  MUCH  MORE   RIGID  FOR 
THIS  PULP  THAN  THEY  ARE  FOR  SULFATE.     MINOR   INGREDIENTS  SUCH 
AS  PINOSYLVIN   IN  THE  HEART  WOOD  OF  SOME  SPECIES  SUCH  AS   PINE 
REACT  WITH  THE  LIGNIN  UNDER  THE  ACID  CONDITIONS  P R E V A  I  L  I  N G , T H U S 
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preventing  its  solution  from  the  wooo»ano  therefore  complete 
pulping.  Many  of  the  broad-leafed  woods  can  be  pulped, 
but  their  strength  is  low  in  relation  to  alkaline  pulps  from 
the  same  wood.  b a r k  is  not  converted  to  fiber  in  this  pro- 
cess so  that  special  means  must  be  provided  for  removing  the 
last  traces,  either  before  or  after  cooking. 

In  GENERAL,   IT  would  SEEM  that   IF  SULFITE 
PULP   IS  TO  RETAIN  A  LEADING   POSITION   IN  THE   INDUSTRY   IT   IS 
ESSENTIAL  THAT  MODIFICATIONS  BE  DEVELOPED  WHICH  WILL  RESULT 
IN  GREATER   VERSATILITY  WITH  REGARD  TO  WOOD  SPECIES,  WHICH 
WILL  GIVE  BETTER  STRENGTH,   AND  WHICH  WILL  SHOW  GREATER  TOLER- 
ANCE  TO   BARK. 

The  COST  OF  THE  LIMESTONE  AND  SULFUR  REQUIRED 
FOR  THE  DIGESTION   IS  RELATIVELY   SMALL,  AND   IT  HAS  BEEN  NORMAL 
PRACTICE  TO  DISCHARGE  THE  SO-CALLED  "WASTE  SULFITE  LlqUOR"  TO 
THE   RIVER.     A  GREAT  DEAL  OF  STUDY  HAS  BEEN   GIVEN  TO  THIS  PAR- 
TICULAR WASTE   PROBLEM. 
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Another  possible  product  would  be  furfural  which 
is  used  in  the  production  of  nylon.    However,  this  can  only  be 
economically  produced  if  the  mill  is  operating  on  broao-leafeo 
wooos  which  have  high  pentosan  content  from  which  the  furfural  is 
obtained. 
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Alcohol  is  being  produced  by  a  few  mills  by 

FERMENTATION  OF  THE  SUGARS  FOUND  IN  THE  WASTE  LIQUOR  AND  WHICH 
RESULT  FROM  HYDROLYSIS  OF  THE  H E M I C E LLU LO S E .  IN  OTHER  MILLS, 
YEAST   IS  BEING  PRODUCED. 

A  FEW  MILLS  ARE  EVAPORATING  THE  LIQUOR,  WITH 
THE  RESULTANT  PRODUCT  BEING  USED  FOR  MISCELLANEOUS  PURPOSES 
SUCH  AS  ROAD  BINDER,  LINOLEUM  CEMENT,  ETC. 

These  varied,  commercial  operations  based  on 

THE  WASTE  SULFITE  LIQUOR  ARE   INDICATIVE  OF  WHAT  CAN  BE  DONE. 

However,  it  is  equally  apparent  that  we  are  still  a  long  way 

FROM  THE  POINT  WHERE  WE  CAN  USE  THE  TWO  AND  A  HALF  MILLION 

TONS  of  sulfite  liquor  solids  available 


in  Canada  each  year. 


The  air  pollution  problem  with 
process  provides  no  special  unsolved  problems, 
odour  discharged  results  from  sulfur  dioxide 
bed  from  the  gas. 
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S  FORM  A  FOURTH  CATEGORY  OF 

MILD  COOKING  CONDITIONS  SUCH 
R  IS  DISSOLVEO  TO  ALLOW  THE 
E.  THE  SOFTENED  CHIPS  ARE 
ICAL  ACTION.  A  NUMBER  OF 
I EFLY  IN  THE  UNITED  STATES, 
ARE  TREATED  WITH  A  NEUTRAL 
ULTANT   PULPS  ARE  OBTAINED   IN 

are  normally  a  light  manilla 
They  can  be  bleached  at  rather 
the  55#  yield  range.    these 
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ite  pulp  would  have  been  used. 


These  mills  have  been  largely  built  in  locations 

WHERE  SPRUCE  AND  BALSAM  ARE  NO  LONGER  AVAILABLE,   AND  THIS  DEVEL- 
OPMENT  IS  OF  SPECIAL   IMPORTANCE  FROM  THE  STANDPOINT  OF  FOREST 

ut  i  l  i  zati  on. 

Much  research  has  been  expended  on  developing 

A  SUITABLE  RECOVERY  SYSTEM  FOR  THESE  MILLS,   AND   IT   IS  BELIEVED 
THAT  THIS   PROBLEM  CAN  BE  SOLVED,   AT   LEAST   IN  THE  CASE  OF   THE 
LARGER  MILLS.      In   THE  MEANTIME  THE   EFFLUENT  LIQUORS  ARE  BEING 
DISCHARGED   INTO   THE   RIVER.     No  SPECIAL  A  I R-POLLUT I  ON   PROBLEMS 
ARE   INVOLVED  WITH  THESE  MILLS. 


A  few  Canadian  mills  previously  producing  un- 
bleached SULFITE  OR  SULFATE  CHEMICAL  PULPS  FROM  CONIFEROUS  WOODS 
HAVE  FOUND   IT  POSSIBLE  TO  STOP  THE  DIGESTION  AT   ABOUT  THE  65$ 
YIELD  ANO  DEFIBER  THE  PULP  MECHANICALLY.     FqR  CERTAIN  APPLIC- 
ATIONS  IT  HAS  BEEN  FOUND  THAT  THE  RESULTANT  PRODUCT   IS  QUITE 
SATISFACTORY,  ANO  THIS  REDUCES  THE  WOOD  REQUIREMENT  FOR  ANY 
GIVEN  QUANTITY  OF  PULP  PRODUCED. 
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PAPER  MILL  WASTES 


The  problems  of  waste  in  conversion  of  pulp 
to  paper  largely  result  from  mechanical  loss  of  fiber,  filler, 
dyes,  etc.    Methods  of  recovery  include  flotation  "Sa ve-alls" , 
rotary  filter  type  save-alls,  etc.    the  cost  of  equipment  and 
the  value  of  material  recovered  will  vary  greatly  depending  on 
the  type  of  paper  produced. 

WOOD  UTILIZATION 
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With  the  above  background  let  us  now  return 

ROBLEM  OF   OVERALL  WOOD  UTILIZATION.     On   THE  WEST  COAST 

UNIQUE   CONDITION   PREVAILS  WHICH   HAS  RESULTED   IN   A 
ORTUNATE  SOLUTION.      IN  MANY   AREAS  THE   STANDS  CONSIST 
XCLUSIVELY   OF  CONIFERS  OF   VERY   LARGE  DIAMETER  AND 

IT  HAS  BEEN  FOUND  NECESSARY,  WHEN  LOGGING   FOR  LUMBER 
ON,   TO  CUT  OUT  ALL  TREES   AT   ONE  TIME   IN  AN   AREA  SINCE 
S   IF   ISOLATED   BLOW  DOWN.     BY   CLEAR  CUTTING  SMALL  AREAS 
CKERBOARD  MANNER  THESE   AREAS   RESEED  WITH   THE  SAME  SPEC- 
HE  Douglas  Fir  and  spruce  are  largely  converted  to  lum- 

ALL  OF  THE  HEMLOCK  CUT  WAS  NOT  REQUIRED  FOR  THIS  PUR- 
lT  WAS  FOUND  THAT  THE  HEMLOCK   COULD  BE  USED  FOR  THE   PRO- 
OF SULFITE   PULP.     MORE  RECENTLY   IT  WAS  FOUND  THAT   IF  THE 

WERE  DEBARKED  BY  HYORAULIC  MEANS  THE  SLABS  COULD  BE  CON- 
0  SULFATE  PULP.     THE   TREMENDOUS  SIZE  OF  THESE  LOGS 
SIMPLIFIED  THIS  OEBARKING   OPERATION.     THUS,  THE  PULPING 

HAS  BEEN  LARGELY   INTEGRATED  WITH  THE  LUMBER   INDUSTRY, 

RAW  MATERIAL  WOOD  WHICH  WOULD  OTHERWISE  BE  WASTE. 
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TO  SUMMARIZE,   OUR  RESEARCH   AND  ACTIVE  MILL   EX- 
PERIMENTS DEALING  WITH  WASTE  AND  THE  WASTE  PROBLEM  ARE  PROCEEDING 
ON   A   BROAD   FRONT,   AND   NO  DOUBT   THIS   IS   THE   CASE  THROUGHOUT  THE 

INDUSTRY.     EACH   PROBLEM  MUST  BE  CONSIDERED   NOT  ONLY   IN  GREAT 

DETAIL  BY   ITSELF,   BUT   ALSO   IN  RELATION  TO  ALL  OTHER   ITEMS  AFFECT- 
ING  THE   PROCESS,   AND   ITS  COST.      IT   IS  FELT  THAT   IN  THIS  WAY  WE 
WILL  BE   BETTER   ABLE   TO   PLAN   AN  ORDERLY  SEQUENCE   IN   RELATION  TO 

OUR  FINAL  GOAL. 

* 
*** 

* 
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TREATMENT  OF  CYANIDE  WASTES 


-  By  - 

A.  E.  GRIFFIN 
H.  B.  SYNOER 

Wallace  4  Tiernan  I  nc 
Newark ,  N.J. 


Cyanide  is  used  q^uite  successfully  in  the 

PLATING  AND  CLEANING  OF   K E T A L S .      In  THE   PLATING  OPER- 
ATION CYANIDE   IS  USED   IN  THE  BATHS  TO  HOLD  THE  HEAVY 
METALS  AND  TO   AFFORD  A  SATISFACTORY  ELECTROLYTE  FOR  THE 
PLATING   OF  A   UNIFORM  THICKNESS   OF   THE  METAL  ON  THE  SUR- 
FACE OF  THE  PART  BEING   PLATED.     In  THE  CLEANING  OR 

"Stripping"  of  old  plated  surfaces  from  the  base  metal 
cyanide  solutions  are  often  used  in  preparation  before 
refinishing  or  other  9urface  treatment  processes. 

in  both  of  the  above  operations  very 
little  of  the  cyanide  is  lost  from  solution  other  than 
by  "drag-out"  of  the  plating  or  stripping  solution  into 
a  fresh  water  rinse  which  is  utilized  for  this  purpose; 
i.e.  to  rinse  off  cyanide  solution  adhering  to  the  sur- 
FACE OF  THE  METAL  PARTS.     THE  QUANTITY  OF  "DRAG-OUT"   IS 
DEPENDENT  ON  THE  SHAPE  OF  THE   PARTS  BEI'NG  FINISHED,  THE 
AMOUNT  OF  SHAKING   OR  AGITATION  PROVIDED  WHEN  THE  PARTS 
ARE  RAISED  ABOVE  THE  L  I  Q.U  I  D  SURFACE  AND  THE  TIME  ALLOWED 
BEFORE  DIPPING  THE  RACK   OR  BARRELLED   PARTS   INTO  THE  RUN- 
NING RINSE  WATER   TANK.     THEREFORE,  MOST  OF  THE  CYANIDE 

lost  in  metal  finishing  operations  goes  down  the  sewer, 
ano  since  it  is  admittedly  a  very  toxic  and  poisonous 
substance  it  is  becoming  more  and  more  essential  that 
the  rinse  water  overflows  be  treated  before  discharge 
into  surface  streams,  ground  water  tables  or  sewage 
treatment  systems. 

Cyanides  are  denoted  by  the  chemical  sym- 
bol CN   AND  ARE,   OF  COURSE,  COMPOSED  OF  CARBON  AND  NITROGEN 
It  IS  PURCHASED  AS  SODIUM  CYANIDE  NACN,  POTASSIUM  CYANIDE 
KCN  OR  AS  SALTS  OF  THE  HEAVY  METALS  SUCH  AS  COPPER,   C*0- 
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1.  Acidification  with  an  acid  forming  hydrocyanic  gas 

WHICH   IS  BLOWN  OFF  TO  THE  ATMOSPHERE.     Th I S  METHOO 
HAS  BEEN  USED   IN  PLANT  SCALE  OPERATIONS  WITHOUT  TOO 
MUCH  SUCCESS  DUE  TO  THE  HAZARDS  OF  FORMING  HCN,   AND 
DIFFUSING   IT   IN  THE  ATMOSPHERE  ANO  DUE  TO  THE  DIFFIC- 
ULTY  IN  ELIMINATING  CYANIDES  BY  THIS  MEANS   IN  THE 
LOWER  CONCENTRATIONS  USUALLY  ENCOUNTERED   IN  RINSE 
WATER  WASTES. 

2.  COMPLEXATION  WITH  METALLIC  SALTS  WHICH  PRODUCES   IN- 
SOLUBLE METALLIC  CYANIDE  COMPOUNDS  WHICH  ARE  REMOVED 
BY  PRECIPITATION.     Due  TO  THE  COST  OF   THE  METALLIC 

precipitant,  this  process  has  the  disadvantage  of 
being  very  expensive. 

3.  Oxidation  with  a  basic  oxidizing  agent,  such  as 
chlorine,  and  an  alkali  to  produce  cyanates  cno  or 
to  break  down  the  cyanide  radical,  to  carbon  dioxide 
and  nitrogen  or  nitrous  oxides. 


Most  plating  solutions,  and  ther 
rinse  waters  discharged  as  wastes,  contain  heav 
such  as  copper,  etc.  cyanide  compounds  plus  ext 
cyanide  in  the  form  of  the  sodium  or  potassium 

In  the  treatment  of  THE  RINSE  WATERS  we  MUST  OE 
THE  DECREE  OF  TREATMENT  REQUIRED  ANO  SECONDLY  T 
METHOD  OF  PHYSICAL  ARRANGEMENT  OF  TANKS  AND  EQU 
ACCOMPLISH  THE  RESULTS.  In  SOME  INSTANCES  IT 
TO  GET  BY  WITH  OXIDATION  OF  ONLY  THE  FREE  EXCES 
SALTS  TO  CYANATES,  BUT  IN  MOST  CASES  THE  'OXIDAT 
CYANIDE  TO  CYANATES  WILL  BE  REQUIRED  AND  IN  SPE 
STANCES  COMPLETE  DESTRUCTION  OF  BOTH  THE  CYANID 
CYANATES  IS  NECESSARY,  Th E  DEGREE  OF  TREATMEN 
DICTATED  BY  THE  POINT  OF  FINAL  DISPOSAL  OF  TREA 
ENT,  THE  REQUIREMENTS  OF  THE  REGULATORY  BODY  AN 
OICTATES  OF  GOOD  PRACTICE  IN  WHICH  PUBLIC  RELAT 
THE  PLANT  AND  THE  SURROUNDING  NEIGHBORHOOD  PLAY 
ROLL. 
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TABLE  I 
REACTIONS   SHOWING      OXIDATION    OF    CYANIDES     WITH    CHLORINE 
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TABLE  IT 
REACTION  OF    CYANIDES    WITH    VARIOUS    CHLORINE    COMPOUNDS 
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The  cyanates  produced  as  noted  above  will 
be  decomposed  by  the  addition  of  more  chlorine  to  ammonium 

CARBONATES  AND  WITH  SUFFICIENT  CONTACT  TIME   (30  MINUTES  TO 

i  hours)  will  be"  converted  to  carbon  dioxide  in  the  form 
of  sodium  bicarbonate,  nitrogen,  nitrous  oxides  and  salt. 

The  first  reaction  noted  above  converting 
cyanides  to  cyanogen  chloride  and  cyanates  requiresa 
theoretical  2.73  lbs.  of  chlorine  for  every  pound  of  cn 
oxidized.    3.07  lbs.  of  caustic  per  lb.  of  cyanide  are 
also  requireo.    theoretically  an  additional  4.09  lbs.  of 
chlorine  and  4.62  lbs.  of  caustic  per  lb.  of  cn  will  break 
down  the  cyanates  into  the  final  end  products.    these 
theoretical  v/lues  are  minimum  requirements,  and  we  have 
found  in  practice  that  a  good  working  figure  is  4  -  4/12 
lbs.  of  chlorine  and  4-1/2  to  5  lbs.  of  caustic  per  lb. 
of  cn  to  oxidize  to  cyanates  and  double  these  amounts  to 
obtain  complete  destruction  of  the  cyanates. 

Treatment  plants  that  have  been  set  up  in 
the  States  have  fallen  into  one  of  two  general  classifications; 

(I)   BATCH   TREATMENT,   (2)   FLOW-THRU  TREATMENT. 
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Batch  treatment  is  the  simplest  and  most 

FOOL-PROOF  METHOD,   REQUIRING  THE  MINIMUM  OF  EQUIPMENT   AND 
CONTROLS,  BUT   REQUIRING   HOLDING   TANKS   OF  SUFFICIENT  CAP- 
ACITY TO  STORE  AT  LEAST  AN  8  HOUR  DISCHARGE  OF  THE  WASTE 
STREAM.     YOU   CAN  APPRECIATE  THAT  THIS  SOMETIMES  GETS   INTO 
ENORMOUS   TANKAGE  AND   FOR  THAT  REASON  THE  FLOW-THRU   SYSTEM 
HAS  BEEN  EMPLOYED  WITH   DEVELOPED  CONTROLS  TO  PROVIDE 
SAFETY   IN   TREATMENT.      In  THE   BATCH   TREATMENT  StT-UP  THE 
WASTE   IS   COLLECTED   IN  ONE  TANK   UNTIL  FULL  THEN  DIVERTED 
TO  A   SECOND   HOLDING   TANK  WHILE  THE  FULL  TANK   IS   BEING  CIR- 
CULATED AND  TREATED  WITH   CHLORINE   AND   CAUSTIC.     TH I S 
METHOD   ELIMINATES  ALL  THE   VARIABLES  ENCOUNTERED  SUCH   AS 
IN   CONCENTRATION   AND  FLOW  AND  LEAVES  ONLY 
"TIME  OF  TREATMENT"  TO  BE  CONSIDERED. 
JUIPMENT   AND  TANKS   MUST  BE  SIZED  TO   PROVIDE  A  FACTORY 
OF  SAFETY   IN  T  IME   REQUIRED  TO   TREAT  ANY  ONE   BATCH   SO 
THAT  THIS  BATCH  CAN  BE   TREATED,  DRAINED  OFF  AND  THE   TANK 
READY   FOR  FILLING  AGAIN  BY  THE   TIME   IT   IS  NEEDED.      >T   IS 
A  SIMPLE  OPERATION,   BUT  REQUIRES  THE   ATTENTION  OF   AN  OPER- 
ATOR TO  START  UP  THE  EQUIPMENT  TO  DETERMINE  WHEN  TREATMENT 
IS  COMPLETEO,  CHANGE  VALVES,   TANKS,   ETC. 
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contact  time  required  for  the  treat- 
there  are  so  many  possible  arrange- 
ecting  design  that  it  would  be  impos- 
n  this  paper.    However,  it  is  pos- 
perate  a  flow-thru  cyanide  waste 

automatic  controls  which  do  not  take 

TOR,   BUT  MERELY   PROVIDE  SUFFICIENT 
PROCESS  TO   THE  DESIRED  LEVEL  OF  TREAT- 


This  treatment  process  produces  a  sludge 

COMPOSEO  OF  THE  HEAVY  METALS   IN   THE  FORM   OF  METALLIC 
CYANIDE  OR  METALLIC   HYOROXIDES,   OXIDES  A  N  0,   CARBONATES  DE- 
PENDING  ON   THE  DEGREE   OF   TREATMENT  EMPLOYED.      THESE 
SLUDGES  ARE  NOT  DIFFICULT  TO  HANDLE   (CAN  BE  READILY  PUMPED) 
BUT  THE  FINAL  DISPOSAL  OF   THEM  BECOMES  A  PROBLEM  BECAUSE   IT 
IS  DIFFICULT  TO  CONCENTRATE  AND   SEPARATE   THEM  FROM  THE 
ENTRAINED  WATER.      If  DRAWN  FROM  A   SETTLING  TANK  THE  SLUDGE 
WILL  CONTAIN  96#  TO  9 9%     WATER   AND   THROUGH  A  SYSTEM  OF   CON- 
CENTRATION TANKS  CAN   BE   CONCENTRATED  TO   10$  OR  \2%     SOLIDS. 

Some  combinations  can  be  successfully  vacuum  filtered  or 

0RIED  ON  SLUDGE  DRYING  BEDS  DOWN  TO  A  5 0%     TO  60%  MOISTURE 
CAKE,  WHILE  OTHERS  SEEM  TO  RESIST  ALL  KNOWN  METHODS  OF   OE- 
WATERING  AND  PRESENT  A   DIFFICULT   PROBLEM.     MOST   GENERALLY 

in  the  States  the  metallic  sludges  from  these  processes 

ARE  LAGOONED  WITH  THE  SUPERNATANT  EVENTUALLY  BEING  DRAWN  OFF 
TO  THE  SURFACE  STREAMS  AND  THE  R E S U L T A H T  CONCENTRATED  SLUDGE 
PERIODICALLY   REMOVED  AND  USED  FOR  LAND  FILL, 

* 

*** 

***** 
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SETTING  UP  AN  AIR  POLLUTION  SURVEY 


-  By  - 


B.  C.  NEWBURY 


Ontario  Research  Foundation 
Toronto,  Ontario. 


INTRODUCTION 

Yesterday,  Mr.  McRae  told  you  how  the 

INDUSTRIES   IN  THE  SARNIA  Area  SET  UP  THEIR  GROUP  RESEARCH 
PROJECT  SOME  EIGHTEEN  MONTHS  AGO.      I   NOW  WANT  TO  GIVE  YOU 
SOME   IDEA  Or  THE  WORK   INVOLVED   IN  SURVEYING  THAT  ATMOSPHERIC 
POLLUTION  SITUATION   IN  AN   INDUSTRIAL  AREA  SUCH   AS  SARNIA. 

IN  SOME  WAYS,  SARNIA   IS   A   TYPICAL  MEDIUM- 
SIZED  CITY,  WITH  A  POPULATION  OF  ABOUT  45,000  AND  HAVING 
ABOUT  A  DOZEN   INDUSTRIAL  FIRMS.     It   IS  NOT  TYPICAL   IN  THAT 

the  major  industries  are  all  in  one  field  of  endeavour, 
namely.  Petroleum  and  Organic  Chemicals  and  also  in  that  it 
is  a  border  city.   Little  is  known  of  the  pollution  sources 
close  at  hand  across  the  border. 


BEHAVIOUR  OF  POLLUTANTS 

Before  we  can  discuss  the  sampling  of  an 
area  for  pollutants,  it  is  necessary  to  understand  clearly 
the  behaviour  of  pollutants,  and  the  factors  which  govern 
this  behaviour. 

For  PRACTICAL  PURPOSES,   POLLUTANTS  ARE 

(divided  into  three  main  classes  termed  (i)  deposited  dust, 
(ii)  aerosols  and  (iii)  gases. 

Deposited  Dusts  include  all  solid  partic- 
les WHICH  ARE  LARGE  ENOUGH  TO  SETTLE  OUT  REASONABLY  QUICKLY 
UNDER  THE  INFLUENCE  OF  GRAVITY.  USUALLY  5  MIRONS  IS  TAKEN 
AS  THE  DIVIDING  LINE  AND  PARTICLES  ABOVE  THIS  SIZE  ARE  CON- 
SIDERED to  be  Deposited  Dust,  This  is  the  gritty  material 
you  sweep  up  from  your  porch  or  veranda  and  originates 
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MA 


NLY   FROM  BOILER  HOUSES   AND   GRINDING   PROCESSES. 


Deposited  Oust  is  measured  by  collecting 
samples  of  the  dust  which  settles  out  either  in  jars  or 

SPECIALLY   DESIGNED   CANS   TO   MINIMIZE  PICK-UP   LOSSES  FROM 
THE  WIND.      IN   THE   PAST,   THIS  WAS  A  FAVOURITE   MEASUREMENT, 
BUT   RECENTLY   IT  HAS  ASSUMED  LESS   IMPORTANCE.      I T  REQUIRES 
ABOUT  A   MONTH   TO  COLLECT   A  MEASURABLE   SAMPLE   SO  THAT   COR- 
RELATION WITH  WIND  OIRECTION  AND  OTHER  METEOROLOGICAL  VAR- 
IABLES  IS   IMPOSSIBLE,   AND  ANY   STATISTICAL  TREATMENT  REQUIRES 
SEVERAL  YEARS'   RECORDS  TO   OBTAIN   A  SUFFICIENTLY   LARGE   NUMBER 
OF   OBERVATIONS. 

The  term  Aerosols  covers  all  solids  and 
liquid  particles  below  5  microns.    These  particles  are  too 

SMALL  TO   BE   INFLUENCED   APPRECIABLY  BY   GRAVITY   AND  BEHAVE  AS 
A   COLLOIDAL  SUSPENSION.     THEY   INCLUDE  SMOKES,   FUMES  AND 
MISTS   ARISING  FROM  COMBUSTION   PROCESSES   (BOILERS,   INTERNAL 
COMBUSTION   ENGINES,   ETC.),   METALLURGICAL  AND   CHEMICAL  OPER- 
ATIONS.   Samples  of  aerosols  are  taken  by  pulling  measured 

VOLUMES   OF   AIR   THROUGH  FILTER  MEDIA,   USUALLY  PAPERS. 


OF   AE  ROS 

Volume  S 
spe  c i AL 

THE  WE  I  G 
LUTE  ME  A 
VOLUME  I 
WITH  REF 
TO  GIVE 
YS  I  S  . 
C  .F  .M  .  A 
HOURS,  T 
ON  ITS  E 
THE  P AP  E 
T  H  t.  SOIL 
NEARLY  T 
ASSIGN  T 
NO  RELAT 
METHODS; 
MAINLY  T 
MICRON   P 


OLS   I 

AMPLE 
F  I  LTE 

H  T   OF 
SURE 
N   THE 
E  REN  C 
S  A  MPL 

The  o 

N  D   PR 
HIS   S 
FFECT 
R  . 
I  NO  P 

HE   V  A 

0  THE 

1  ONSH 
THE 

0   THE 
ART  I  C 


The 

N  THE  A  I 
R ,  F I LTE 
D,  A 
OS  I  T 

HE  A 


R  AN 

DEP 
OF   T 

Al  R 
E  TO 
E  S  F 
TH  E  R 
ODUC 
TAIN 

0  N 
TH  I  S 
ROPE 
LUES 

A  I  R 
I  P  B 
FORM 

LA  R 
LES 


A  S 
OR  F 

MET 
ES   A 

8E  I 
THE 

MET 
RT  IE 

WH  I 
■> 

ETWE 
ER  , 
GER 
WH  I  C 


RE  AR 
R  . 

RS   AB 

T   TH  E 

I  S  D 

MOUNT 

Th  i  s 

OU  RCE 
U  R  T  H  E 
HOD  R 
STA  I 
N  G  AS 
LIGHT 
HOD  G 
S  OF 
C  H   A 

It  s  h 

EN  T  H 
BEING 
PARTI 
H   ARE 


E   TWO  WAYS  OF  MEASURING   THE  AMOUNT 
THE   FIRST  METHOD,  USING   THE  HIGH 
OUT  60  C.F.M.   OF   AIR   THROUGH   A 

END   OF   A  PERIOD  OF  8  TO  2  4  HOURS, 
ETERMINED.     THIS   GIVES   AN  ABSO- 

OF  "FLOATING"   SOLIDS   PER   UNIT 
METHOD   IS  USED  TO  SAMPLE  THE   AIR 

OR  SOURCES   OF   POLLUTION  AND   ALSO 
R   CHEMICAL  OR  SPECTROGRAPHS  ANAL- 
EQUIRES  A   SAMPLE   RATE  OF   ABOUT  3 
N  ON   A  FILTER   PAPER   IN   I   TO  2 
SIGNED  A  NUMERICAL   VALUE  DEPENDING 

TRANSMIITTANCE  OR  REFLECTANCE  OF 
IVES  VALUES  WHICH   ARE  RELATED   TO 
THE   ATMOSPHERE   AND  APPROACHES   MORE 
HOUSEWIFE  MIGHT   BE  EXPECTED  TO 
OULD  BE  POINTED  OUT  THAT  THERE   IS 
E  VALUES  OBTAINED  BY  THE  TWO 

A   GRAVIMETRIC  METHOD,   RESPONDS 
CLES   AND   THE  LATTER   TO   THE  SUB- 
MORE  EFFECTIVE   IN  LIGHT  SCATTERING 


Gases  include  all  the  permanent  gases  not 
normally  considered  constituents  of  the  atmosphere  and  also 
vapours  of  volatile  liquids  (light  hydrocarbons,  etc.). 
under  normal  circumstances,  only  sulphur  dioxide  is  recorded 

AMONG  THE  GASES,   AND   OUE   TO  THE  MULTITUDINOUS  SOURCES  OF  SOg, 
IT   IS  WIDELY  USED  AS   AN   INDICATOR   OF   THE   GENERAL  POLLUTION 
LOAD   IN   AN   AREA.     OTHER   GASES,   M^S ,  N02»  Cl£»   HON,   HF ,   ETC. 
ARE  ANALYZED  BY   CHEMICAL  MEANS  ONLY   IF   THE   LOCAL   INDUSTRIAL 
PROCESSES   INDICATE   SUCH   GASES   AS  BEING  POSSIBLE   CONTAMINANTS. 


METEOROLOGY 


IT  HAS  LONG   BEEN   APPRECIATED  THAT  THE  DEGREE 
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THIS  STABLE  ATMOSPHERE   IS  BECOMING   ONE   OF 
THE  BIGGEST  HAZARDS  TO  OUR  CIVILIZATION.      It   IS   NOT   UNCOMMON 

since  it  occurs  for  a  few  hours  about  one  day  in  three  over 
most  of  the  world,  occasionally  it  will  last  for  20  to  30 
hours,  and  infrequently  it  will  last  for  several  days.    this 
continuous  stable  atmosphere  for  a  period  of  over  four  days 
was  the  primary  cause  of  the  meuse,  donora  and  london  disasters 
Fortunately  these  occurrences  are  rare,  but,  although  death 
seldom  results  from  a  stable  atmosphere  lasting  for  less  than 
four  days,  shorter  periods  must  represent  a  strain  on  the 
metabolism  of  the  local  population. 

THE  SURVEY  IN  SARN  IA 
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Foundation's  survey  in  Sarnia  refers 
tmosphere  in  the  business  and  residential 

being  carried  out  to  determine  the  effect- 
disposal  methods  of  the  local  industries, 
ble  for  the  testing  program  within  its 
gh  the  Foundation  gives  advice  andcorrel- 
th  its  own  findings.    the  foundation  also 
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side,  but  we  do  not  feel  that  the  group 
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deficiencies  is  the  key  to  the  success 
ano  we  should  like  to  put  on  record  our 
o-operation  of  the  firms  involved  and 
supply  help  in  the  form  of  electricians, 
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INSTRUMENT  FITTERS,  CARPENTERS,   ETC.   AS  NEEDED. 


Figure  I  is  a  map  of  Sarnia  showing  the 


LOCATION   OF  THE   MAJOR   INDUSTRIAL  PLANTS   IN  THE  AREA,  AND  OF 


the  Survey  Sampling  stations. 


The  locations  named  X,-  X^ 

"RIAL 


AND  P  |  -  P5    REFER  TO  DEPOSITED  OUST  CANS  SET  OUT  BY   IMPE 

Oil  Limited  and  Polymer  Corporation  Limited  respectively. 
These  are  mostly  on  industrial  property,  but  the  results  are 
made  available  to  the  survey  and  are  correlated  with  the 
survey's  results  in  the  reports. 


Since  meteorological  records  indicated  that 
the  prevailing  wind  in  Sarnia  is  southwest,  a  master  station 
site  was  selected  to  the  northeast  of  the  major  industrial 
area  (Site  R.).    The  selection  of  this  site  is  of  great 
importance.    The  aim  is  to  select  a  point  in  the  residential 
area  as  near  as  possible  to  the  area  of  maximum  pollution 
but  sufficiently  open  to  allow  the  meteorological  instru- 
MENTS TO  OBTAIN  RELIABLE  RECORDS   OF  WIND  VELOCITY  ETC.     R| 
IS  SITUATED   IN  TECUMSEH  PARK,   AND   ALTHOUGH   SOME  OF   THE   TREES 
ARE  CLOSER   THAN  ONE  WOULD  WISH,   IT   IS   REASONABLY  CLOSE  TO 
THE   AREA   EXPECTED   TO  BE  MOST  AFFECTED   BY   THE  LARGE   INDUST- 
RIAL PLANTS. 


The  EquiPMENT  at  Rj  includes  the  anemometer, 

AN  AUTOMATIC  SULPHUR   DIOXIDE   RECORDER,   A  HIGH   VOLUME  SAMPLER 
FOR  GRAVIMETRIC  DETERMINATION  OF  AEROSOLS,   A  HEMEON   SAMPLER 
FOR  DETERMINATION  OF  AEROSOLS  BY  THEIR  SOILING   PROPERTIES, 
AND   A  DEPOSITED  OUST  CAN. 
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Later,  I  shall  give  you  some  ioea  of  the 
costs  involved  in  these  surveys  and  you  will  then  appreciate 

THAT  TO   EQUIP  THE   SUBSIDIARY   STATIONS  WITH  MORE   THAN   SIMPLE 
INSTRUMENTS  WOULD  COST  A   PROHIBITIVE  AMOUNT.     THE   RECORD   OF 
SULPHUR  DIOXIDE   CONCENTRATION   AT   ONE  LOCATION  ONLY   IS  OF 
LITTLE   VALUE   AND  THE   INTRODUCTION  OF   FURTHER  SAMPLING  STATIONS 
IS   IMPERATIVE.      In   ORDER  TO  BE  ABLE  TO  USE  A   LARGE   NUMBER  OF 
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sampling  sites,  a  mobile  unit  has  been  designed  and  built. 
This  unit,  which  is  on  display  at  the  Conference,  is  also 
equipped  with  a  power  generator  so  that  it  can,  if  necessary, 
operate  away  from  the  public  supply.    this  unit  can  carry 
all  the  instruments  available  at  the  master  station  r),  and 

A  COMPARISON  CAN  BE  MADE  IN  THE  RECORDS.     We  HAVE  OPERATED 

this  unit  at  a  location  shown  in  figure  i  near  x..    i  n  this 
location,  the  sulphur  dioxide  fumigations  which  all  arrive  at 
ri  with  southwest  winds  can  be  separated  since  the  industrial 
areas  spread  from  south  to  northwest  and  the  canadian  national 
Railways  Round  House  is  approximately  northeast  of  the  mobile 
recorder  . 


FURTHER  WORK 


NO   INVESTIGATION  OF  THIS  TYPE   CAN  BE   PLAN* 
NED  FAR  AHEAD.     AFTER   THE   INITIAL  START  UP,   EACH  STEP   IS 
INDICATED  BY  THE  OAT*  ACCUMULATED.      At  SARNIA,  THE  DETROIT 

eoison  power  plant  is  comparable  with  the  boiler  houses  on 
the  Canadian  side,  and  an  assessment  of  the  contribution  of 
this  plant  will  be  needed.    our  results  also  indicate  a  rel- 
atively intense  pollution  source  near  r&  which  is  on  the  edge 


OF  THE  SHOPPING  AREA. 


This  will  also  need  investigation. 


NEVER  GET  BEYOND 
THE  CO  STS   IN- 
APPROXIMATE  DUTY 
THE  S  ARN  I  A  SUR  V  EY 
OR  AD  HOC  SAMPL- 
TO 


COSTS 

Many  worth-while  prospects 
the  idea  stage  due  to  a  lack  of  knowledge  of 
volved.    The  following  figures  indicate  the 
and  tax-free  prices  of  the  equipment  used  in 
It  would,  of  course,  be  possible  to  use  snap 
ing  in  many  cases  in  place  of  automatic  samplers,  but  due 
the  rapidity  with  which  atmospheric  conditions  change,  we 
believe  the  following  to  be  the   most  effective  selection  of 
equipment, 

2  Automatic  Sulphur  Dioxide  Recoroers   $  6,600. 

I  Anemograph  I ,700. 

8  Deposited  Dust  Cans  360. 

4  Hemeon  Samplers  800. 

4  High  Volume  Samplers  1,040. 

I  Mobile  Unit  4,500. 

I  Fixed  Station  500. 

I  Vehicle  2,700. 


$  18,200. 


SUMMARY 


An  Air  Pollution  Survey  is  set  up  initially 
to  sample  the  air  at  locations  which  our  present  inadequate 
theory  indicates  to  be  areas  of  high  pollution.     as  well  as 
sampling  and  analyzing  the  pollutants,  meteorological  data 
are  collected  to  determine  parameters  needed  for  theoretical 
calculations  which  are  in  most  cases  completely  unknown. 
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POLLUTION  IN  RELATION  TO  STREAM  LIFE 


-  By  - 
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-~"~ *~     — 

Department  of  Biology 
University  of  Toronto 

Toronto,  Ontario 
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An  ANALAGOUS  situation  is  reported  by 
Henderson  (30)  in  connection  with  the  establishment  in  1940 
of  a  rayon  factory  by  the  Viscose. Corporation  on  the  Shenan- 
doah River  in  West  Virginia.    This  stream  had  a  gooo  history 
of  fishing  prior  TO  194-0  BUT  subsequently  became  barren  for  a 

STRETCH  OF   ABOUT  35  MILES   AND  CONDITIONS  FOR  FISHING  WERE 
REP.ORT€B  TO  BE   VERY   POOR   IN  THE  NEXT   TWENTY  MILES.     DEPLET- 
ION OF  BOTTOM  ORGANISMS  ON  WHICH  THE  FISH  DEPEND  FOR  FOOD  WAS 
FOUND  TO  BE  ABOUT  98#  AS  COMPARED  WITH   P R £  -   1940  VALUES  AND 
VALUES  FOR  PARTS   OF  THE  RIVER   ABOVE   THE  FACTORY.     WHEN  TESTED 
THE  WATER   OF  THE  STREAM   CAME  UP  TO   THE   USUAL  STANDAROS  OF  UN- 
POLLUTED WATER.     THE  OXYGEN,   CARBON  DIOXIDE,   ACID-ALKALINE 
REACTION,   AND  TURBIDITY  WERE  ALL  WITHIN  THE  ACCEPTABLE  LIMITS 
BY   PRESENT  STANDAROS.     A  TOXIC   CHEMICAL   IN  THE   EFFLUENT  WAS 
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suspected  and  eventually  it  was  found  that  lethal  concentra- 
tions of  zinc  sulphate  were  responsible  for  the  kills  of  fish 
and  other  organisms  resulting  in  their  elimination.    at  the 
time  of  the  report  (1949),  some  improvement  had  been  effected, 
but  conditions  had  not  been  restored  to  the  pre  -  1940  level. 

In  the  United  States,  more  densely  populated 
and  more  highly  industrialized  in  many  sections  than  is  ontario, 
the  pollution  of  rivers  is  recognized  as  a  national  problem  of 
the  greatest  importance.    0  n  e  has  but  to  consult  some  of  the 
reports  of  surveys  of  rivers  such  as  forbes  ano  richardson  (24), 
Studies  on  the  biology  of  the  upper  Illinois  River;  U.S. Public 
Health  Service  (74),  Ohio  River  pollution  control;   New  York 
State  Conservation  Department,  (50,51 ,52,53,54,55)  ,  Biological 
surveys  of  river  systems;   wisconsin  state  board  of  health  (85), 
Report  on  stream  pollution  in  Wisconsin;   and  many  others  to 
realize  the  widespread  nature  and  seriousness  of  the  problems, 

In  Ontario  there  are  similar  problems  and 
some  of  the  cases  have  been  referred  to  by  mackay  (44),  and  in 
the  Ontario  Department  of  Planning  and  Development's  Conser- 
vation reports  (58),   With  increasing  urbanization  and  indust- 
rialization AN  INCREASE  IN  SUCH  CASES  IS  INEVITABLE  UNLESS  SAT- 
ISFACTORY  HANDLING  OF   INDUSTRIAL  WASTES  PR0VI0ES  SOLUTIONS. 


Almost  all  effluents  carrying  industr 
create  a  pollution  problem  when  they  empty  into  small  s 
where  the  resulting  dilution  of  the  effluent  is  not  eno 
reduce  the  concentration  of  toxic  materials  below  dange 

LEVELS,  Adeney  (2);   AKERLINDH  (3)  AND  Wells  (79).    Fr 
standpoint  of  biological  conditions  of  streams  pollutio 
sults  even  in  the  case  of  effluents  whi.ch  have  been  tre 
reduce  some  of  the  effects.    in  some  cases  where  the  e 
is  impounded  and  released  in  large  quantity  intermitten 
effect  on  fish  or  other  organisms  is  more  disastrous  th 
the  effluent  were  allowed  to  flow  continually  into  the 
th.e  proportion  of  pollutant  to  volume  of  flow  of  the  st 
be  higher  than  can  be  tolerated  in  the  first  case,  but 
the  second.    with  larger  rivers  or  large  bodies  of  wat 
sewage  may  be  admitted  without  deleterious  effects  on  t 
of  the  water,  but  it  is  along  such  rivers  or  bodies  of  w 
that  towns  are  concentrated  and  the  additive  effect  of 
these  may  overtax  the  capacity  of  the  stream,  and  this 
may  be  expected  to  increase  and  call  for  more  adequate 
Flowing  water  of  streams  presents  different  problems  in 
to  pollution  than  do  bodies  of  static  water  in  which  ac 
of  waste  over  long  periods  of  'time  takes  place,  akerlin 
Jansa  &  Fischerdrom  (35). 
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CRITERIA  OF  POLLUTION  FROM  THE  BIOLOGICAL  STANDPOINT 

FOR  THE   PURPOSE  OF  THE   PRESENT  PAPER,   POLLUT- 
ION  IS  ANY   INFLUENCE  ON  THE  STREAM  BROUGHT  ABOUT  BY  THE   INTRO- 
DUCTION OF  MATERIALS  TO   IT  WHICH   ADVERSELY   AFFECTS  THE   ORGANISMS 
LIVING   IN   THE  STREAM,   EITHER  BY  KILLING  THEM  DIRECTLY  OR   INTER- 
FEHING  WITH  THEIR  HABITS   IN  SUCH  A  WAY   AS  TO  REDUCE  THE   NUMBERS 


-  88  - 

seriously  or  exclude  them  from  the  stream  or  part  of 
Such  influences  may  be  brought  about  through  the  int 
abnormally  high  amounts  of  silt  which  may  be  a  resul 
per  farming  practise,  addition  of  materials  such  as 
sawdust,  bark,  pulp  fibre  or  other  sediments  which  h 
fect  of  producing  sterile  bottom  conditions  from  the 
standpoint,  the  addition  of  trade  wastes  either  of  t 
ating  or  toxic  class  which  are  detrimental  to  life  i 
Also  poisons  added  to  the  stream  either  directly  for 
OF  controlling  stream  inhabiting  forms  such  as  black 

WHICH  EVENTUALLY  REACH  THE  STREAM  AS  A  RESULT  OF  SPR 
FOREST  OR  OTHER  VEGETATION  WHERE  THESE  PRACTISES  ARE 
TO  FISH  MAY  BE  CLASSED  AS  POLLUTION,  THIS  IS  ESPEC 
WHERE  THE  BIOLOGICAL  BALANCE  IS  UPSET  AND  MAY  NOT  BE 
A  LONG  PERIOD  OF  TIME  AND  WHEN  IT  IS  MAY  BE  A  LESS  S 
FROM  T  HE  STANDPOINT  OF  FISHERIES. 
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Such  a  definition  may  be  at  variance  with  a 
definition  of  pollution  from  the  public  health  or  hygienic  stand- 
point and  in  some  cases  implies  more  and  in  some  less  exacting 
standards  of  water  purity  than  in  the  latter  case. 


TYPES  OF  POLLUTING  MATERIALS 
THEIR  SOURCES  AND  EFFECTS  ON  OR'.,: 


I  SHS 


it  is  difficult,  because  of  their  great  div- 
ersity, to  arrange  a  scheme  of  classification  of  industrial 
pollutants.    for  some  purposes  they  are  treated  under  the 
headings  of  the  industrial  processes  which  produce  them  as  for 
instance,  wastes  of  lumber  and  pulp  mills,  mines,  dairy,  tannery, 
canning,  oil  wells,  oil  refineries,  coal  gas  and  coke  plants  and 
many  others.    see  w i  sco n s  i  n  s t a t e  board  of  health  (85),  u.s. 
Public  Health  Service  (74-). 

Some  of  these  processes  produce  effluents 
which  have  some  characteristics  in  common  which  have  led  to 
another  system  of  classification  based  on  the  effect  of  the 
effluent  on  the  receiving  stream,  ward  (77),   ell  i s  (23),  and 
Bartsch  (8).    The  classification  of  Ellis  (23),  is  used  with 

SOME  MODIFICATIONS  AND  DIVIDES  THE  POLLUTANTS  INTO  THE  GROUPS 
SUSPENSOIOS  OF  SOLIDS  AND  EMULSOIOS,  D E 0 X Y G E N A T I N G  SUBSTANCES 
AND  SPECIFIC  TOXIC  CHEMICAL  SUBSTANCES.  THERE  IS  OVERLAP  IN 
THIS  SYSTEM  AS  THE  CONSTITUENTS  OF  AN  EFFLUENT  MAY  HAVE  MECH- 
ANICAL, DEOXYGENATING  AND  TOXIC  EFFECTS.  FREQUENTLY,  HOWEVER, 
ONE  OF  THESE  EFFECTS  DOMINATES  AND  CHARACTERIZES  IT  FROM  THE 
STANDPOINT  OF  EFFECT  ON  ORGANISMS. 


SUSPENSOIOS  OF  SOLIDS  AND  EMULSOIDS 


IN  THIS  GROUP  MAY   BE  PLACED  EROISION  SILT, 
ROCK   DUST  FROM  LIMESTONE  MILLS,   ASBESTOS  MILLS,   LUCITE  AND  OTHER 
TYPES  OF  MINES.     THESE  ARE   INORGANIC  MATERIALS  TO  WHICH   SHOULD 
BE  ADDED   COAL  DUST  AND  CINDERS  WHICH   ARE  ALSO   DURABLE  MATERIALS, 
AND  THEIR   REMOVAL  FROM  A  STREAM  DEPENDS  ON  TRANSPORT   BY  WATER   OR 
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icial  cleaning  of  the  stream  bo 
n  g  in  this  category  and  under  m 
are  such  organic  materials  as  b 
>ulp  fibre  which  persist  for  ma 
ottom.  Oils,  either  crude  or 
ns  become  associated  with  the  b 
m,  Ellis  (23).  These  materials 
ED,  while  in  suspension  produce 

INTERFERES  WITH  THE  PENETRATlO 
HUS  AFFECTS  TEMPER ATURE,WALLEN 
ROWTH  OF  GREEN  PLANTS,  ELLIS  (2 
RE  IMPORTANCE  IN  LAKES  OR  THE  D 
ONS  OF  LARGE  RIVERS  THAN  IN  SMA 
CULARLY  IN  LAKES,  MAY  ALSO  BE  C 
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ttom.    Other  materials 
ost  conditions  also  our- 
ark  of  trees,  sawdust  and 
ny  years  as  a  layer  on 
refined  under  some  con- 
ottom  mater  i als  in  a 
,  at  least  the  more  finely 

a  turbidity  or  muddiness 
n  of  light  into  the  water 
(76),  of  the  water  and 
2).   The  latter  effect  is 
eeper  and  more  placid 
ll  streams,    turbidity, 
aused  by  living  organisms 
ome  of  the  same  effects 
ove,  Rosenberg  (65). 


•THE   DIRECT   EFFECT  OF   SILTS  AND   OTHER  SUSPENSO 
ON   FISH   IS  ACCORDING   TO  COLE   (17),   NOT  SIGNIFICANT   UNDER  MOST 
CONDITIONS.      A   CONTINUOUS  SECRETION  OF  MUCOUS  FROM  THE   GILLS 
AND   OTHER   SURFACES  KEEPS  THEM  CLEARED  OF  THE   PARTICLES.    MARSON 
(4Qj,   HAS  HOWEVER,   DRAWN  ATTENTION   TO  THE  FACT   THAT   IF   CERTAIN 
ACIDS   OR  OTHER  CHEMICAL  WASTES  WHICH   COAGULATE   THE  MUCOUS  OR 
PREVENT   ITS  SECRETION  ARE   PRESENT   IN   THE  WATER,  THE  EFFECT  OF 
SILT   AND   OTHER  PARTICULATE  MATTER  GREATLY  ACCENTUATES   THE  CLOG- 
GING  OF   DELICATE   RESPIRATORY   SURFACES.     SUCH   SEDIMENTS   ALSO 
INTERFERE  WITH   THE   NORMAL  ACTIVITIES  OF  THE   FISH   BY   DESTROYING 
SPAWNING   SITES. 
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The  most  general  detrimental  effect  on  the 
of  a  stream  of  pollutants  of  this  class  or  of  any  partic- 

MATTER  WHICH  SETTLES  IS  TO  PRODUCE  A  MATT  ON  THE  BOTTOM 
GREATLY  ALTERS  IT  BY  FILLING  UP  ALL  INTERSTITIAL  SPACES 
CH   MANY  FISH  FOOD  ORGANISMS  L  I  V E , &  I  N T E R F E R  I  N G  WITH  THE 


OS 


AND   RESPIRATORY  MECHANISMS  BY   CLOGGING,  ELLIS   (23); 

Moore  (45);   Hore  &  Nair  (32);   Knapp  (37). 

In  the  case  of  sawdust,  pulp  fibre  and  other 

SEDIMENTS   WITH   AN  ORGANIC   CONTENT  THERE   IS   AN  ADDITIONAL  DETRI- 
MENTAL  EFFECT  BROUGHT  ABOUT  BY   THE  CONTINUAL  DEMAND   OF  THE   MAT- 
ERIALS  OR  ASSOCIATED  ORGANISMS  FOR  OXYG.EN   THUS   CONTRIBUTING  TO 
DEPLETION   OF  THE  DISSOLVED  OXYGEN   OF  THE  WATER,  ELLIS   (23) 
Dymond,  DeLaporte  ET  AL  (21). 

Ellis  (23),  also  states  that  silts,  although 

INORGANIC,   ARE   INSTRUMENTAL   IN  "LAKING   DOWN"   SUCH  ORGANIC  WASTES 
AS  OILS,   CHEMICAL  WASTES,   AND   PULPS   IN  BEDS  ON   THE  FLOOR  OF  THE 
STREAM  WITH  DISASTROUS   RESULTS  TO  THE   BOTTOM  FAUNA,   INCREASING 
THE  STERILE   CHARACTER  OF   THE  BOTTOM   AND  DEPLETING   THE  WATER  OF 
OXYGEN   IN   A   SUSTAINED  MANNER. 


OF   HEAVY 
A  CUMU- 
CONOITIONS  THE 


Under  some  conditions  insoluble  salts 

METALS  SUCH   AS  LEAD   ARE   PRECIPITATED  ON  THE   BOTTOM  WITH 

LATIVE  EFFECT.     WITH   EVEN   SLIGHT  CHANGES   IN  THE 

PRECIPITATE   OF   THIS   RESERVOIR  DISSOLVES   AND  LETHAL  CONCENTRATIONS 

OF   LEAD   SALTS  ARE  PRODUCED,    CARPENTER   (12,13);    BEHRENS   (IOI| 

Newton  ( 57) . 
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De OXYGENATING  SUBSTANCES 


I  NTRODUCT I  ON 


Many  effluents  of  industrial  concerns  are 
chifely  characterized  by  their  high  organic  content  with  high 
biochemical  oxygen  demand  and  resulting  depletion  of  dissolved 
oxygen  in  the  receiving  stream.    these  may  have,  in  addition, 
chemical  constituents  which  alter  the  effect  on  the  stream  ado 
organisms  living  in  the  water,  but  when  the  latter  fraction  is 
not  dominant  such  effluents  have  much  the  same  effect  as  does 
domestic  sewage.    among  industrial  wastes  whose  effluents  are 
deleterious  because  of  their  effect  in  reducing  the  oxygen  are. 
mills  products,  packing  plants,  canning  factories,  breweries 
and  distilleries,  beet  sugar,  paper  pulp,  tanneries,  dye  works, 
starch  factories  and  laundries.    some  of  these  more  than  others 
have,  in  addition,  toxic  substances  which  are  known  to  be  harm- 
ful to  fish  and  other  organisms,  ellis  (23).    the  most  pro- 
nounced result,  however,  is  the  reduction  in  dissolved  oxygen,. 
This  may  be  very  serious  or  not  depending  on  the  initial  oxygen 
demand  of  the  material  and  its  oxidizability,  the  ratio  of  the 
discharge  of  the  effluent  to  the  discharge  of  the  river  or 
stream,  and  the  ability  of  the  water  of  the  stream  to  r e a e r a t e  „ 
This  depends  on  the  character  of  the  water  course  whether  oeep, 
shallow,  fast  or  slow,  turbulent  or  placid  and  the  kinds  and 
numbers  of  plants  and  animals  present. 

The  80.0. Do,  a  measure  of  the  potential  of  the  effluent 
to  use  oxygen,  is  at  a  maximum,  as  far  as  the  stream  is  concer- 
ned, at  the  outfall  and  decreases  as  oxidation  proceeds,    de- 
pletion of  oxygen  in  the  water  of  the  streams  proceeds  more  or 
less  rapidly  from  the  outfall  downstream  depending  on  the  type 
and  amount  of  oxidizable  material  in  relation  to  the  size  and 
character  of  the  stream.    the  oxygen  may  be  reduced  to  non 
detectable  amounts  in  some  casew,  and  a  considerable  length  of 
streams  may  be  involved.    in  cases  where  depletion  in  oxygen 
is  complete  the  process  of  decomposition  of  the  organic  matter 
continues  through  the  agency  of  anaerobic  forms  of  life. 
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KNOWLEDGE   OF   THE  VALUE   FOR   THE   TERMS  OF   THIS  EQUATION  AS  THEY 

APPLY  TO  THE  EFFLUENT  AND  THE  RECEIVING  STREAM  IT   IS  POSSIBLE 

TO   PREDICT  WITH   SOME   ACCURACY    THE  POLLUTIONS  EFFECT  THAT  AN 
EFFLUENT  WOULD  HAVE   ON  THE  STREAM. 


Effects  on 


BIOTA,   RESPIRATORY   MECHANISMS  AND   INDICATOR   ORGANISMS 


THE  DIFFERENCES  IN 
HAVE  SUCH  A  STRIKING  EFFECT  ON  THE  B 
DEFINITE  THOUGH  ARBITRARY  ZONES  HAVE 
ZONE  OF   RECENT   POLLUTION   OR 


DISSOLVED  OXYGEN  AMOUNT 
OTA  DF   THE   S  T  R  E  A-M  THAT 
BEEJH  RECOGNIZED.     THE 
DEGRADATION,   THROUGH  WHICH   THE 
AMOUNT   OF  OISSOLVEO  OXYGEN   IS  FALLING,   IS  CHARACTERIZED   BY   A 
PROGRESSIVE  REDUCTION   IN  ORGANISMS  WHICH  ARE  CHARACTERISTIC  OF 
AN  UNPOLLUTED  RIVER.     AT  THE  POINT  WHERE  THE  PERCENTAGE  SAT- 
URATION OF  OXYGEN   REACHES   APPROXIMATELY  40   (3.5  PARTS  PER  MILLION 
AT  SUMMER   TEMPERATURES),  WHICH   IT  DOES   INEVITABLY  WHEN  THERE   IS 
SERIOUS  ORGANIC  POLLUTION,   BEGINS   A   NEW  ZONE  KNOWN  AS  THE   ZONE 
OF  ACTIVE  DECOMPOSITION   OR   SEPTIC   ZONE   AND   THIS   ZONE   PERSISTS 
DOWN   TO   A   POINT  WHERE   THE   OXYGEN  HAS  AGAIN   RISEN  TO   ABOUT   THE 
40  PERCENT  SATURATION  LEVEL.     WITHIN  THIS   ZONE   THE  OXYGEN  RE- 
ACHES  ITS  MINIMUM  AT   WHAT   IS  KNOWN   AS   THE  CRITICAL  POINT, 
THERE   IS  AN  ENTIRE  LACK  OF   OXYGEN   AT  THIS  POINT 


I  F 


POINT,   A  NO 
NONE  BUT 
ANAEROBES  ARE  FOUND, AND  METHANE  GAS   AND  FOUL  ODOURS  ARE   PROD- 
UCED.   Down  to  this  point  in  the  septic  zone  the  number  and 

TYPES  OF  ORGANISMS  REQUIRING  DISSOLVED  OXYGEN  AR^  REDUCED 
THOUGH   THE  ORGANISMS  WHICH   DO  LIVE  THERE  MAY   BE   PRESENT   IN 
GREAT   NUMBERS   AS   IS  OFTEN   THE   CASE  WITH  TUBIFEX,   THE 
WORM,   AND  A   FEW  OTHERS,  BARTSCH  AND  CHURCHILL   (9). 
THE  CRITICAL  POINT  SOME   OF  THESE   SAME  TOLERANT  FORMS 
AGAIN  WHEN  THE   OXYGEN  CONTENT  OF  THE  WATER  HAS   RISEN 
APPROXIMATELY  THE  40  PERCENT  SATURATION  LEVEL. 


Beyond 

COME   IN 
AGAIN   TO 


The  SECTION  OF  stream  THROUGH  which  the  oxygen 

CONTENT  OF  THE   WATER   IS   INCREASING  AND   PARTICULARLY  FROM  THE 
POINT   ARBITRARILY  MARKING  THE  LOWER  LIMIT   OF  THE   SEPTIC  ZONE 
IS  KNOWN  AS  THE   ZONE   OF   RECOVERY.      U   THE  UPPER   PART  OF  THIS 
ZONE   ONLY  THE  ORGANISMS  MORE  TOLERANT  OF  LOW  OXYGEN,   SUCH   AS 
TUSIFEX  AND   THE  BLOODWORM,   CH  I  RONOMUS  TENTANS  ,   ARE   PRESENT  BUT 
THESE  MAY   BE   VERY  ABUNDANT.     WlTH   GREATER   IMPROVEMENT  DOWN- 
STREAM MORE   AND  MORE  VARIETIES  OF  THE   MORE  SENSITIVE   ORGANISMS 
APPEAR  UNTIL  THE  FAUNA   IS  SIMILAR   TO  THAT   OF   AN   UNPOLLUTED 
STREAM   AND   THE   RIVER   IS   SAID  TO   HAVE   RECOVERED  COMPLETELY   AT 
THE   LOWER   END   OF   THE   RECOVERY   ZONE. 
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STREAM   IS  FERTILIZED  BY   THE   POLLUTING  MATERIALS   AND   PLANT 
GROWTH   IS   GREATLY   INCREASED.     DURING  DAYLIGHT   HOURS  THESE 
ALGAE  USE  UP  SOME   OXYGEN   IN  THEIR  RESPIRATORY  PROCESSES  BUT 
PRODUCE  ALSO  GREAT  AMOUNTS  OF  OXYGEN   IN  THE   PROCESS  OF   PHO- 
TOSYNTHESIS UTILIZING  CARBON   DIOXIDE   AND  GIVING   OFF   OXYGEN 
TO  THE  WATER.     Th  I  S   RESULTS  FREQUENTLY   IN  S U P E R S A T U R A T I  0 N 

of  the  water  with  respect  to  oxygen  during  the  day  with  de- 
pletion at  night  as  shown  by  gaufin  and  tarzwell  (27). 
sprague  (67),  has  recorded  values  of  oxygen  as  low  as  t  part 
per  million  (b%    saturation)  and  as  high  as  12  parts  per 
million  {150$  saturation)  for  the  same  location  in  the  upper 
part  of  the  algal  section  in  a  stream  receiving  sewage  treated 
by  an  activated  sludge  process.    lower  down  in  the  algal 
section  values  as  high  as  22  parts  per  million  (270$  satur- 
ation) with  a  corresponding  low  of  2  parts  per  million  (  i  2$ 
saturation)  were  recorded.    the  high  and  low  values  are 
indicative  of  the  fluctuation  over  a  twenty-four  hour  period. 
The  high  oxygen  accelerates  the  purification  process  but  dur- 
ing THE   NIGHT  TIME,  WHEN  PHOTOSYNTHESIS  STOPS  AND  OXYGEN   IS 

progressively  reduced  by  the  respiration  of  the  plants  and 
animals  and  8y  oxidation  of  the  sewag€,  conditions  become 
unsuitable  for  many  organisms. 

From  the  biological  standpoint  this  extreme 
fluctuation  in  the  amount  of  dissolved  oxygen  has  a  serious 
effect  and  the  fauna,  which  might  be  expected  to  be  rich 
because  of  the  abunoant  plant  food  supply  is  instead  poor, as 
the  organisms,  more  sensitive  to  oxygen  deficiency,  do  not 
inhabit  this  stretch.    there  is  a  possibility  also,  that  in 
this  situation,  the  excessively  high  concentration  of  oxygen 
during  daytime  is  a  detrimental  factor  «  such  concentrations 
have  been  shown  by  hubbs  (34),  and  wlebe  (83),  to  be  toxic  to 
some  forms.    there  were  no  fish  in  the  upper  part  of  the 
algal  section  and  only  more  tolerant  species  in  the  lower  as 
reported  by  sprague  (67)    the  algal  section,  therefore,  can- 
not be  considered  to  be  suitable  for  fish  even  though  the 
water  of  this  part  may  be  pure  by  other  criteria.    the  algal 
section  also  may  be  detrimental  in  another  way  as  in  late  sum- 
mer the  plants  frequently  die  and  the  mass  of  dead  material 
decomposes  producing  a  septic  condition  much  like  that  of  a 
recently  polluted  region  and  is  at  this  time  unsuitable  for 
any  but  the  most  tolerant  forms.    at  such  times  a  nuisance 
situation  develops  with  foul  odour  detectable  for  a  distance 
of  several  miles  from  the  stream. 

so  characteristic  are  the  organisms  assoc- 
iated with  the  zone  of  recent  pollution,  septic  zone  and  zone 
of  recovery  in  cases  of  pollution  by  organic  wastes,  not  com- 
plicated by  other  toxic  materials,  that  they  have  come  to  8e 
useo  as  indicators  of  the  different  degrees  of  pollution  char- 
acterized mainly  by  oxygen  deficiency  of  the  water.    the 
information  from  index  organisms  forms  a  valuable  adjunct  to 
chemical  tests,  the  distribution  of  the  former  being  a  result- 
ant of  the  latter  as  doudoroff  (20^  has  noted.    some  of  the 
organisms  involved  have  been  critically  evaluated  in  this  con- 
nection by  several  investigators  including  n  .y .  state  conserv. 
Comm.,  Ann.Rept.,  (49);   Richardson  (63);   Bartsch  (8);   Gau- 
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THE   RESPIRATORY   MECHANISMS,  WHEN   CONSIDERED 
FROM1  THE  MORPHOLOGICAL  STANDPOINT  ONLY,   PROVIDE  SOME  EXPLAN- 
ATION  OF   THE   VARIOUS   OEGREES  OF  TOLERATION   OF   OXYGEN  DEFICIENCY 
EXHIBITED  BY  ORGANISMS.     THEY  MAY  BE  CLASSIFIED  AS  FOLLOWS: 


1.  Types  breathing 
of  the  body. 

(a) 
(b) 

(c) 

(o) 

It) 


by  blood  gills  or  by  the  general  surface 

Fishes 

Clams  and  snails  other  than  lung 

breathers  (pulmonates) 

Leeches  and  some  other  annelids  worms 

including  Tubifex  and  Limnodrilus 

Crustaceans 

Chironomid  larvae  and  pupae,  some  with 

a  hemoglobin  blood  pigment  (bloodworms) 


I  I 


Types  breathing  by  tracheal  gills. 


Nymphs  of  aquatic  insects  such  as  oragon- 
fues.    Larvae  and  pupae  of  caddi  sflies,  oobsonflies, 
aquatic  moths,  some  beetles,  ano  some  dipterous  flies. 

ill.   Types  with  open  tracheal  system. 

(a)   Larvae  of  many  beetles,  and  some  dipter- 
ous flies  including  the  rat-tailed  maggot, 
sewage  or  filter  fly  and  the  house  mos- 
quito which  utilize  atmospheric  air  ob- 
tained through  a  tube. 

(b)   Some  scavengers  and  predators  including 
nymphs  and  adults  of  bugs  which  respire 
atmospheric  air  through  a  tube  ano 
adults  of  some  aquatic  beetles  and 
nymphs  and  adults  of  some  bugs  which 
breathe  by  means  of  a  bubble  or  film  of 
gas  functioning  as  a  gill. 


IV 


TY  PES  W I  TH   LUNGS. 


AIR   INTO 


MOSH   PULMONATE   SNAILS   WHICH  BREATHE  BY 
TH  E  LUNGS. 


TAK I NG 
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In  the  first  and  second  groups  are  found  the 
types  most  sensitive  to  oxygen  lack  but  different  degrees  of 
sensitivity  characterize  members  within  each. 

Among  the  most  sensitive  of  aquatic  organisms 
are  larvae  of  mayflies,  stoneflies  andcaddisflies  which  breathe 
by  means  of  tracheal  gills.    some  of  these  are  more  sensitive 
than  others  in  this  respect  but  a  variety  of  them  is  an  indic- 
ation that  recovery  in  oxygen  is  almost  complete,   gaufin  and 
Tarzwell  (27).    More  tolerant  species  of  these  groups  are  few 
in  number,  and,  if  these  were  known,  the  value  of  this  category 

AS  A  CRITERION  OF  RECOVERY  WOULD  BE   INCREASED.    GAUFIN  AND  TaR- 
ZWELL   (27),   REPORT  A  SPECIES  OF  MAYFLY  OF  THE  GENUS  CALLIBAETIS 
AS  BEING  TOLERANT  AND  SPRAGUE   (67),   REPORTS  TWO  SPECIES  OF  THIS 
SAME   GENUS  FROM   THE  ALGAL  SECTION  OF  THE  AVON  RlVER,   ONTARIO, 
AT  A  POINT  WHERE  NOCTURNAL  DEPLETION  OF   OXYGEN   IS  EXTREME.   ONE 
OF       OTHER  TRACHEAL  GILL  BREATHERS,   GENERALLY   CONSIDERED  AS 
BEING  SENSITIVE  TO  LOW  OXYGEN,  AND   INCLUDING  A  CADOISFLY  LARVA, 
CHEUMATOPSYCHE,   ARE  LISTED  BY  THE   SAME   AUTHOR  FROM  THE  SAME 
SECTION. 

The  most  tolerant  or  resistant  FORMS  ARE  SOME 
MEMBERS  OF  GROUP  III  AND  THREE  OF  THESE,  THE  RAT-TAILED  MAGGOT, 
THE  SEWAGE   FLY   (PSYCHODa)   AND  THE   HOUSE  MOSQUITO,   (CULEX   P I  P  I  E  NS  ) 

if  present  in  numbers  indicate  the  septic  zone.    suter  and 
Moore  (71)  have  shown  that  the  rat-tailed  maggot  ( Er i st  a  l  i  s 
t  e  n  a  x  )  can  exist  under  conditions  where  the  dissolved  oxygen 
ranges  from  0  to  4-0$  saturation  which  is  the  range  character- 
istic of  the  septic  zone.    it  is  apparently  an  08ligative  pol- 
lution form  and  therefore'  a  positive  indicator  of  such.    the 
most  resistant  forms  are  ones  which  are  independent  of  dissolved 
oxygen  and  include  anaerobic  bacteria  and  some  scavenging  forms 
such  as  aquatic  beetles  and  bugs  which  have  special  respiratory 
mechanisms  which  make  it  possible  for  them  to  be  independent  of 
0  i ssol ved  oxygen  . 

The  most  characteristic .organisms  of  water 
with  intermediate  oxygen  levels  such  as  occur  at  the  beginning 
of  the  zone  of  recovery  or  at  the  lower  end  of  the  zone  of  de- 
gradation are  the  annelid  worms  tubifex  and  llmnodrilus  and 

THE  SLIGHTLY  LESS  TOLERANT  BLOODWORMS,   PARTICULARLY  Ch I RQNQMUS 

tentans .    these  forms  are  in  a  general  way  characteristic  of 
the  limiting  conditions  for  the  most  tolerant  species  of  fishes. 
They  are  frequently  present  in  great  numbers,  the  annelids  form- 
ing PATCHES  OF  RED  ON  THE  BOTTOM  APPEARING  LIKE  THE  PILE  OF   A 

carpet,  and  when  well  represented  and  in  the  absence  of  other 
more  sensitive  types  are  a  good  indication  of  the  beginning  of 
the  zone  of  recovery  and  the  end  of  the  zone  of  degradation. 
From  these  groups  of  organisms  the  chief  biological  indicators 
of  organic  pollution  have  BEEN  CHOSEN, 

Suter  and  Moore  (71)  have  given  a  list  of 
fishes  in  ordeij  of  their  requirements  with  respect  to  oxygen  as 

FOLLOWS : 

High:   Brook  trout,  smallhouth  bass,  landlocked  salmon 
and  yellow  perch 
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Intermediate:   largemouth  bass,  pumpkin  seed  and  bullhead. 
Low:    MINNOWS  (stone  roller,  shiner  and  creek  chub)  sucker. 

Oxygen  content  of  50$  saturation  has  been  set 
by  some  as  the  minimum  for  fish  but  some  are  known  to  have  sur- 
vived in  concentrations  as  low  as  I .5  parts  per  million  or  about 
20$  saturation.    More  recent  investigation  of  the  oxygen  re- 
quirements of  the  eastern  speckled  trout  (brook  trout)  are 


published  by  Fry  (25). 


CAN 
I  ST  I 
POLL 

Van 
P  I  ct 

On  t 

THE 
I  00  „ 
I  ON 
AS  T 

ADOE 
I  N  C 
AN   I 
FO  R 
OR  s 

dete 

P  R  I  A 


BE  D  E 
C  ORG 
U  T  I  ON 
H0R  N 
U  R  E  0 
HE  OT 
CONDI 
i  N 
OF  TH 
HE  EF 

0  TH  A 
HEMIC 
ND  I  C  A 

1  N  ST  A 
LUGS 
CT  J  ON 
TE   T  I 


TECT 
AMIS 
AL  I 
(75) 
F  ST 
HER 
Tl  ON 

A  S 
E  CA 
FE  CT 
T  BE 
AL  C 
T  I  ON 
NCE 
OF   T 

UNL 
ME. 


ED  R 
MS  I 
NFLU 
,  H  A 
REAM 
HAND 
S  WH 
ENSE 
USE  , 

OF 
C  AUS 
OND  I 

OF 
NOCT 
OX  I  C 
ESS 


As  Do 

EAD I LY 
LLUSTR 
EN  CES 
S  STAT 

CO  ND  I 
,   THE 
I  CH   HA 

THE   C 

WHERE 
ANY  G  I 
E  OF  T 
T  I  ONS 
SE  R  I  OU 
UR  N  AL 

CHEM  I 
C  HEM  I  C 


UDOROF 
BY  CH 
ATE  TH 
NOT  ON 
ED  -  " 
Tl  ON  S 
BIOLOS 
VE  EX  I 
HEM  I  CA 
AS  TH  E 
V  E  N  ST 
HE  LAG 
B I OLOG 
S  POLL 
DEPLET 
CAL  EF 
AL  TES 


F  (2 
EM  I  C 
ERE 
LY  0 
A  C  H 
AT  T 
I  CAL 
STED 
L  DA 

B  I  0 
REAM 

I  N 
I  CAL 
UT  I  0 
I  ON 
FLUE 
TS  W 


0)  HA 
AL  T  E 
SULTA 
F  THE 
EM  I  CA 
HE   T  I 

S  I  TU 

I  N  T 
T  A  MA 
LOGIC 

CO  ND 
THE   R 

CR  I  T 
N   OF 
OF  OX 
NT  WH 
ERE   C 


S  P  GIN-ED 
STS ,  BUT 
NT  EFFEC 

MOMENT 
L  AN ALYS 
ME  THE   S 
AT  I  ON   IS 
HE   S  T  R  E  A 

Y  BE  TAK 
AL  DATA 

I  T  I  0  N  .  " 
ESPONS  E 
ER I  A  W I  L 
THE   INTE 

Y  GEN   AS 

I  CH  WOU  L 
A  RR  IED  0 


OUT, 
THE 
T   ON 
BUT  0 
IS  Wl 
AMPLE 
A  N   I 
M  FOR 
EN   AS 
ARE   I 

It 

TO  I  M 
L  GEN 
RM  I  TT 
ME  NT  I 

D  PER 
U  T  AT 


P  0  L  L  U  T 
C  H A  R AC 
TH  E  B  I 
F  THE 
LL  G  I  V 
S  WERE 
ND  I  CAT 
A  LON 
A  DES 
NTERPR 
SHO  ULO 
PROVEM 
ERA  LLY 
E  NT  T  Y 
0  N  E  0  A 
HAPS  E 
THE  A 


I  0  N 
TER- 
0  T  A   OF 
PAST. 
E   A 

TAKEN, 
ION   OF 
G  PE  R- 
CRIPT- 
ETED 

BE 
ENT 

GIVE 
PE  ,   AS 
BO  VE, 
SCAPE 
PPRO- 


Specific  Toxic  Chemical  Substances 

With  the  decomposition  of  organic  matter 
some  chemicals  including  sulphur  and  ammonium  salts  are  pro- 
duced which  are  toxic  to  some  organisms.    their  toxic  effect 
is,  therefore,  superimposed  on  the  effect  of  oxygen  depletion. 

|N  MANY   INDUSTRIAL  WASTES   THE   TOXIC  CHEMICAL   COMPONENTS   DOMIN- 
ate the  resulting  pollutional  situation  and  different  attacks 
have  been  made  in  the  investigation  of  such  wastes. 

Much  experimental  work,  beginning  with  Penny 
and  Adams  (60),  and  Weigelt  et  al.  (78),  has  been  done  on  the 
effect  of  different  concentrations  of  chemicals  on  organisms 

UNDER  DIFFERENT  CONDITIONS.  ONE  OF  THE  EARLY  WORKS  ON  THIS 
CONTINENT  IS  THAT  OF  SHELFORD  (66).  SOME  OF  THE  LITERATURE 
IS   GIVEN   IN   THE  LIST  OF   REFERENCES   AND   INCLUDES  THE   PAPERS   OF 

Belding  (II),  Carpenter  (13,14-),  Suter  and  Moore  (71),  Wiebe 
(82),  wells  (79),  Cole  (16),  Ellis  (23),  Naumann  (47,48)  Hart, 

DOUDOROFF   AND  GREENBANK   (29)   ROETMANN   (64),  ANDERSON   (4,5), 


G  A  LT 


E  T   AL 


/  n 


u)t   AND  GERSDORFF   (28). 


Though  17  species  of  fishes,  6  of  Crustacea, 

7  OF   CLAMS   AND   SEVERAL   OF   INSECTS  WERE   INVOLVED   IN   THE  EXPER- 
imental work  two  have  emerged  as  the  chief  laboratory  types, 
the  goldfish  (  caraussi.  us  c  arauss  i  us  )  and  the  water  flea 
(Daphnia  magna}.   Ellis  (23)  has  contributed  much  to  this  field 
and  has  summarized  most  of  the  information  available  in  other 
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WORKS  UP  TO  1937.    In  the  following  paragraphs  frequent  re- 
ference WILL  BE  MADE  TO  THIS  WORK  AND  FOR  MORE  EXTENSIVE 

treatment  of  some  of  the  points  reference  should  be  made  by 
the  reader  to  this  standard  reference. 

An  an  example  of  osmotic  effect,  Ellis  (23) 
tested  the  survival  of  the  goldfish  in  different  concentra- 
tions of  sodium  chloride  in  filtered  mississippi  water  and 
found  that  with  strengths  greater  than  1:1000  by  weight 
(10,000  parts  per  million),  the  fish  died  in  less  than  four 
days.    Since  sodium  chloride  is  a  waste  in  oil  well  oper- 
ation THIS   INFORMATION   IS  ALSO  APROPOS  OF  THE  SUBJECT  OF 
POLLUT ion. 

The  effect  of  eleven  acids  which  are  const- 
ituents OF  VARIOUS  TYPES  OF  TRADE  WASTES  WERE  TESTED  ON  THE 
GOLDFISH  BY  THE  SAME  AUTHOR.     He  CONCLUDES   THAT   ACIDITY   NEAR 
THE   MAGNITUDE  OF   PH  4.0,   REGARDLESS   OF   THE   ACID   OR  AC  IDS ALT 
COMBINATION   PRODUCING   THIS   ACIDITY,  WILL  BE  LETHAL  FOR  FRESH- 
WATER FISHES   IF  THE  ACIDITY   IS  MAINTAINED.      1. 11  CONCENTRATIONS 
PRODUCING  A  PH  LESS  ACID  THAN  PH  4,0'  THE  LETHALITY  DEPENDS  ON 
THE   PARTICULAR   ACID   INVOLVED.     TESTS  WITH  D APH  N  I  A   MAGNA   SUG- 
GEST THAT  WERE  FISHES  UNPROTECTED  BY  MUCOUS   THE  LETHAL  HYDROGEN- 
ION  CONCENTRATION   FOR   ACIDS   IN  GENERAL  WOULD   BE   NEAR   PH  5.5. 
OAPHNIA,   NOT  PROTECTED  BY  MUCOUS,   FAILED  TO   SURVIVE   IN  PH  MORE 
ACID  THAN  5.4  AND  THE   AUTHOR   NOTES  T.H  AT   PH   5.5  CORRESPONDS  TO 
THE   ISOELECTRIC  POINT  AT  WHICH  MANY   PROTEINS  FOUND   IN  TISSUES 
ARE  COAGULATED. 

THE   SAME   AUTHOR  DETERMINED  THE  PH  OF   VARIOUS 
ACIDS   IN  HARD  WATER  AT  WHICH  GOLDFISH   SURVIVED  FOR  FOUR  DAYS 
OR  LONGER  AND  DIED   IN  LESS  THAN  FOUR  DAYS   IN  MORE  ACID  CONCEN- 
TRATIONS, THE  RESULTS  are  as  follows:    SULPHURIC  4.0,  HYDRO- 
CHLORIC AND  CITRIC  4.5,   LACTIC  4.6,   NITRIC   AND  TARTARIC  4.9, 
ACETIC  5.5,   OXALIC  5,8,   BENZOIC  5.9,   CHROMIC  7.3,   AND  TANNIC 
7.8. 

on  the  basis  of  parts  per  million  of  ac  ,10 
present  in  the  particular  hardwater  used  and  neglecting  the 
ph  the  same  acids  are  listed  by  ellis  in  order  of  their  lethal 
effect  on  the  goldfish  together  with  the  trade  waste  which 
they  characterize  as  follows: 

Tannic  10  ppm.  Tannery,  bark  waste  of  mills 

Chromic  100  ppm.  Tannery. 

Sulphuric  130  ppm.  Coal  and  iron  mine. 

Hydrochloric  159  ppm.  Chemical  and  dye  works. 

Nitric  200  ppm.  Chemical  works. 

Benzoic  200  ppd.  Coal  tar. 

Oxalic  200  ppm.  Dye  ins, tanning, bleaching. 

Tartaric  200  ppm.  Winery. 

Acetic  348  ppm.  Beet  sug  ar  ,  v  i  ne'gar,  w  i  nery  . 

Lactic  430  ppm.  Dairy 

Citric  625  ppm.  Citrus-fruit 

In  the  same  paper  Ellis  (23)  has  evaluated 
the  toxicity  for  the  goldfish  of  solutions  of  salts  of  eight 
metals,  of  four  sulphur  and  selenium  compounds  and  nine  other 
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CHEMICALS  FOUND  IN  INDUSTRIAL  WASTES.  IN  ADDITION  HE  GIVES 
A  LISTING  OF  114  CHEMICALS  WHICH  MAY  BE  FOUND  AS  STREAM  POL- 
LUTANTS WITH  RESULTS  OF  RESEARCH  CONDUCTED  BY  MANY  WORKERS 
RESPECTING  THE  CONCENTRATIONS  WHICH  WERE  LETHAL  TO  ORGANISMS 
UNDER  THE  EXPERIMENTAL  CONDITIONS.  IN  SOME  CASES  THESE  WERE 
NOT  AS  WELL  CONTROLLED  AS  IN  OTHERS  WITH  CONSEQUENT  DISCREP- 
ancies appearing. 

Some  toxic  chemicals,  taken  for  the  most 
part  from  Ellis  (23)  are  listed  below  together  with  some  of 
the  industries  involved. 


Acetone 

Aluminum  potassium  sulphate 

Ammonium  sulphide 

Ammonium  carbonate 

Amyl  alcohol 

Bromine 

Cadmium    chloride 

Calcium    chloride 

Chlorine 

cobaltous  chloride 

cresyli c  acid 

cupric  sulphate 

Ferrous  sulphate 

Ferric  chloride 

Hydrogen  sulph i de 

Lead  nitrate 

Methyl  mercaptan 

Naphthenic  acid  etc. 

Nickelous  chloride 

Phenol 

Potassium  cyanide 

Potassium  hydroxide 

Potass  ium  xanthate 

Sodium  chlorate 

Sodium  fluoride 

Sodium  sulphite 

Sod  ium  sulphide 

Sulphur  dioxide 

Stannous  chloride 

Zinc  sulphate 


PR  I  NT  I  N  G 
SURFACING 


Gas  and  coal-tar,  chemical, paint 

Tannery 

Organic 

Gas  house 

d 1st  i llery 

chem  i  cal 

Pigment,  calico 

Oil  wells,  road 

ch  em  i  cal 

Electroplating, chemical, pigment 

Mine  flotation,  livestock 

Copper  and  brass 

Wire  and  t l nplate 

Wire  and  tinplate 

Organic 

Mining  and  smelting 

Pulp 

Crude  oil 

Elec  troplating 

Gas  house,  stock  dips 

Ore  ref., coke, chemical, electroplating 

Soap,  dye 

Mine  flotation,  soil  insecticide 

Mine  flotation 

Dl  ST  I LLERY 

Pulp 

Pulp 

Chemical,  bleach 

Brass 

Mining,  smelting 
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Most  toxic  substances  to  fish  of  those  materials  found  in  the 
water  soluble  fraction  of  crude  oil, 


Effect  of  toxic  substances  on  the  individual 

Ellis  (23),  has  grouped  chemical  poisons 
into  three  categories  according  to  the  way  in  which  they  kill 
the  organisms.    The  effects  of  sublethal  amounts  in  altering 
the  behaviour  of  fish  and  others  is  not  considered  in  this 
arrangement, 

tn  the  first  category  are  substances  which 
do  not  enter  the  fish  but  adversely  affect  the  surface  of 
sills  and  other  areas.    among  these  are  some  salts  of  several 
of  the  heavy  metals,  some  acids  and  some  other  chemicals  which 
combine  readily  with  the'mucous  secreted  by  the  fishes'skin, 

MOUTH   AND  GILLS,   PRODUCING   INSOLUBLE  COMPOUNDS.       If   THE  DIL- 
UTION OF  THE  CHEMICAL   IS  GREAT  ENOUGH   OR  THE   SUPPLY  OF  THE 
POLLUTANT   IS  LIMITED   IN   ITS  TIME  OF  ACTING  THE  SECRETION  OF 
ADDITIONAL  MUCOUS  MAY  WASH   AWAY   THE   PRECIPITATED  COMPOUND  AS 
IT   IS   FORMED  SO   THAT  NO  SERIOUS   DAMAGE   RESULTS.      1 N  MORE 
SERIOUS  CASES  OF   STRONGER   CONCENTRATION  OR  LONGER  EXPOSURE 
THE  PRECIPITATED  COMPOUND   COVERS  THE  BODY,  THE  LINING  OF  THE 
MOUTH   AND  THE  GILLS*'"    RESPIRATORY   FAILURE  ENSUES   RESULTING 
IN  THE,   DEATH  OF*  THE  FISH.     Th  IS  WAS   FOUND  TO  BE   BECAUSE  OF 
COATING   OF   THE   GILL   FILAMENTS   IN   SUCH   A   WAY   AS   TO   PREVENT   THE 
WATER   REACHING   THE   EPITHELIUM,   OR   IN   MORE   PRONOUNCED   CASES 

gill  movement  was  impedeo  or  stopped  and  circulation  of  the 
blood  in  the  capillaries  stopped  as  it  is  dependent  on  this 
movement. 

Another  class  of  pollutants  such  as  acetic 
acid,  and  volatile  extracts  of  crude  oil  do  not  produce  pre- 
cipitates with  the  mucous  but  also  bring  a80ut  respiratory 
failure.    in  these  instances  the  chemical  damages  the  epid- 
ermal cells  of  the  gill  surface  causing  stasis  of  the  blood 
in  the  underlying  capillaries  with  resulting  asphyxiation, 
They  may  also  interfere  with  the  maintaining  of  salt  balance 
of  the  blood  by  injuring  the  c h l 0 r  i  d e- s e c re t  i  ng  cells  of  the 
gill  surface,  keys  and  wlllmer  (36)  or  impair  the  function  of 
cells  of  the  gill  epithelium  in  excreting  nitrogenous  wastes. 

In   THE  THIRD  CATEGORY   ARE   SUBSTANCES   WHICH 
DO   NOT  PENETRATE  THE   EXTERNAL  MEMBRANES   OF  THE  BODY   AND  ARE 
POISONOUS   ONLY  WHEN  S  W  A  L  LOW~D  A  N  D   ABSORBED  THROUGH   THE  GASTROIN- 
TESTINAL EPITHELIUM  OR  DAMAGE  THAT   EPITHELIUM.       THESE   ARE 
KNOWN   AS   INTERNAL   POISONS   AND  MAY  BE  TAKEN   INTO  THE  MOUTH   AND 
SWAUACO  AS  FOOD   OR   INADVERTENTLY   ALONG  WITH  FOOO.     CASES 
HAVE  BEEN  OBSERVED   BY  ELLIS  OF  FISH   NOT   SWALLOWING   POLLUTED 
WATER   IN   WHICH  THEY  WE.RE  PLACED  UNTIL  THE  END  OF  A   PERIOD   OF 
ABOUT  FORTY-EIGHT  HOURS.  "   SUBSEQUENTLY  THEY  SWALLOWED  WATER 
E"V£N   WHEN   NOT  BEING  FED,   POSSIBLY  AS   COMPENSATION  FOR  WATER 
LOSS.     Among, THE   INTERNAL  POISONS  some  CHEMICALS  WHICH   ARE 
CUMULATIVE   IN  THEIR  TOXIC  EFFECT   ARE   PARTICULARLY  SUBTLE   IN 
THEIR   ACTION  AS   THEY   CAUSE   DEATH   ONLY   AFTER  LONG  PERIODS   AS 
THE  TOTAL  AMOUNT   INGESTED   IS   GRADUALLY   INCREASED  BY   BEING   CON- 
TINUALLY  SWALLOWED, 
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Application  of  the  experimental  data  to  the  problem  of  the 
toxic  effect  of  industrial  wastes 


While  it  cannot  be  questioned  that  these 
materials  are  toxic  in  the  concentrations  used  in  and  under 
the  conditions  existing  for  the  experiment  their  toxicity  to 
organisms  in  streams  is  generally  a  more  complicated  matter. 
Dilution  may  be  so  great  as  to  render  the  most  toxic  of  them 
harmless  whereas  a  less  toxic  substance  may  be  discharged  in 
such  large  amounts  as  to  produce  lethal  concentrations  in  the 
receiving  water.    however,  from  the  biological  side  even 
sublethal  concentrations  of  some  chemicals  may  be  detrimental 
as  fish  react  to  some  by  avoiding  them  and  thus  may  be. exclud- 
ed from  a  section  of  river  or  be  barred  in  their  migrations. 
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Toxicity  of  Industrial  Effluents  for  Stream  Inhabitants 


Effluents  of  industrial  plants,  employing 
essentially  the  same  processes,  vary  over  wide  ranges  depend- 
ing on  a  number  of  factors  including  variation  in  detail  of 
handling  the  waste  materials  including  reclamation  techniques. 
The  pollutional  effect  on  a  stream  is  further  complicated  by 
the  physical,  chemical  and  biological  characteristics  of  water 
of  the  receiving  stream  and  the  relative  rates  of  discharge  of 
effluent  and  stream, 


The  usual  toxic  effect  of  some  common  types 
of  industrial  effluents  is  summarized  by  Ellis  (23).    Those  in 
this  list  having  specific  toxic  effect  on  fishes  of  a  critical 
nature  include  wastes  of  coal-gas  plants,  metal  refineries, 
steffens  house,  sulphite  pulp,  strawboard,  chemical  works, 
tanneries  and  dye  works.    otherswhich  may  be  critical  are, 
mine  flotation,  oil  wells  (crude  oil  and  brine),  beet  sugar, 
spent  lubricants,  bittern  liquors,  tin  plate  and  wire  mills  and 
starch  factories.    another  group   is  listed  as  being  possibly 
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CRITICAL   AND   INCLUDE,   ASBESTOS  WORKS,   COAL   AND   IRON  MINE   DRAINS, 
DAIRY  INDUSTRIES,   PACKING   PLANTS,   CANNING  FACTORIES,   BREWERIES 
AND  DISTILLERIES,   PAPER  PULP,  SAWDUST,  LAUNDRIES  AND  WOOL-WASH- 
ING pvANTS.    This  list  is  not  complete  but  to  it  should  be 
added  plants  producing  radio-active  substances  whose  wastes 
are  being  investigated  from  the  standpoint  of  their  immediate 
effect  on  organisms  and  of  the  possible  long  term  influence 
on  the  species  through  genetic  alteration. 

Selected  references,  giving  in  most  cases  the 
effect  of  the  effluents  of  several  different  industrial  proces- 
ses on  fishes  and  other  organisms  are  given  in  the  u.s.public 
Health  Service  Report  on  Ohio  River  Pollution  Control  (74), 
Wisconsin  State  Board  of  Health  Special  Report  on  Stream  Pollu- 
tion in  Wisconsin  (85),  and  State  of  New  York  Conservation  Com- 
mission REPORTS  ON  SURVEYS  OF   RIVER  SYSTEMS   (50-55). 

With  many  industrial  effluents  there  is,  in 
addition  to  specific  toxicity,  the  deokesen at  i  ng  effect  of  de- 
composing organic  constituents  and  the  formation  of  a  pollution 
mat  of  particulate  matter,    the  deleterious  character  of  these 

HASALREADY  been  mentioneo.     Any  OF  THE  THREE,  TOXIC  PROPERTY, 
D EOXEGEN A T  I  NG   PROPERTY  OR  SEDIMTNTING  OF   THE   BOTTOM  MAY   PREDOM- 
INATE  IN   THE  EFFECT  OF  ANY   POLLUTION   FROM  THE   BIOLOGICAL   STAND- 
POINT.   When  specific  toxic  chemicals  accompany  organic  waste 
they  may  kill  out  the  organisms  which  otherwise  would  be  present 
to  aid  in  the  rapid  decomposition  of  organic  material  and  con- 
sequently the  seriously  polluted  section  of  the  stream  may  be 
greatly  extended. 

*  Owing  to  the  variable  nature  of  industrial 

wastes  in  which  deoxygenating  substances,  particulate  matter 
and  complex  combinations  of  specific  toxic  chemicals  may  all  be 
significant  in  the  resulting  pollution,  the  information  which 
may,  be  gleaneo  from  a  study  of  the  organisms  inhabiting  the 
polluted  section  of  the  stream  regarding  the  nature  of  the  pol- 
lution is  hugh  less  than  in  the  case  of  pollution  by  organic 
matter  alone.    consequently  no  series  of  organisms  has  emerged 
which  might  serve  as  indicators  of  the  pollutional  effect  of 
many  trade  wastes. 

Although  the  effect  of  many  chemicals  on  or- 
ganisms  IS  KNOWN   THERE   IS  LITTLE   INFORMATION  AVAILABLE  ON  THE 

effect  of  the  same  substances  under  the  conditions  in  which  they 
occur  in  an  effluent.    there  is  some  descriptive  work  on  the 
effect  of  typical  trade  wastes  on  organisms  and  some  experimen- 
tal in  which  organisms  were  subjected  to  the  waste  material, 
but  as  has  been  pointed  out  above  the  trade  wastes  differ  so 
greatly  even  where  the  same  industrial  processes  are  involved 
as  to  make  the  results  of  experimental  work  along  this  line  of 
limited  application. 

Control  of  Pests  by  Chemicals  and  Inherent  Dangers  to 
Stream  Organ  isms 

There  are  other  clisses  of  specific  toxic  mat- 
erials THAT   DO   NOT  COME  UNDER  THE  HEADING   OF   INDUSTRIAL  WASTES, 
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BUT  MAY  BE   POLLUTANTS   OF   STREAMS.     THIS   GROUP   INCLUDES  FER- 
TILIZERS,  BOTH   OF  THE   SOIL  AND  WATER,   STOCK   DIPS,   ALGlCIOES 
AND   HERBICIDES,   INSECTICIDES,   PISCICIDES,   WATER  PURIFYING 
AGENTS   AND   R 0  A D -S U R F A C  I N G  MATERIALS.     THESE  MATERIALS  ARE 
I  NO  ISPENS  IBLE  AIDS  TO   MAN,   IF  SCIENTIFICALLY  APPLIED,   BUT   IF 
USED   INDISCRIMINATELY   AND  WITHOUT   REGARD   FOR   THEIR   POSSIBLE 

INJURIOUS   EFFECTS   ON  STREAM  LIFE  MAY   IN  SOME   CASES  DO  MUCH 
HARM. 


FERTILIZE 
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ADDITION, 
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Chili  saltpetre  (sodium  nitrate),  a  soil 
r,  has  been  shown  by  powers  (61),  to  be  toxic  to 

ONCENTRATIONS  WHICH  MAY  BE   BUILT  UP   IN  STREAMS  AND 
RUN-OFF  FROM  FIELDS.     PHENOL,   CRESOL  AND  SOME  OF 
ED  CHEMICALS,   USED  AS  DISINFECTANTS  AND   PARTICULARLY 
DIPS,   IF  DISCHARGED   INTO  WATER  ARE   HIGHLY   TOXIC   TO 
D  OTHER  FORMS,   ADAMS   (I),  D E MY E N E N K 0   (19).      In 

THE  FORMER,   EVEN    IF     NOT  CONCENTRATED  ENOUGH  TO 
ARTS  A  STRONG  PHENOLIC  SMELL  TO  THE  FISHES  FLESH 

UNPALATABLE.     SODIUM  ARSENITE   AND   COPPER  SULPHATE 
HE   CONTROL  OF   AQUATIC   PLANTS   AND   IN  WATER-PUR  I Fl  C- 

HIGHLY   TOXIC  CHEMICALS,   THE   CONCENTRATION  OF  WHICH 
AREFULLY   CONTROLLED   IN   ORDER  TO   GIVE   THE  DESIRED 
THOUT  ENDANGERING  OTHER  FORMS  OF   LIFE,  WlEBE   (82), 
D  MEEHAN   (70),    MOYLE   (46),   AND  BARNICKOL  AND  CaMP- 

THAT  THESE  SUBSTANCES  ARE  TOXIC  TO  FISH   AND   OTHER 
INDICATED  BY   THE  USE,   PARTICULARLY  OF   COPPER  SULPHATE 
NTROL   OF   COARSE  FISH,   CATT   (15),   AND   IN  THE  CONTROL 
CHLORAMINE,    CHLORAMINE  Tf   AND   CHLORINE   ARE   EM- 
WATER   PURIFICATION   AND   THE   CONCENTRATIONS   ARE   CARE- 
TROLLED  FOR  THIS  PURPOSE,  ADAMS   (l).     T  H  E  SAME 
SCRIBED   THE   TOXIC   EFFECTS   OF   POTASSIUM  PERMANGANATE 
CEANS   AND  ELLIS   (23)   ITS  TOXICITY  FOR  GOLDFISH.    It 
THELESS,   USEFULLY  EMPLOYED   IN  DISINFECTING  HATCHERY 
R  FISH   THEMSELVES. 
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MANAGEMENT  PROGRAMMES   IT  I  S 
THE  COARSE  FISH   IN  A   STREAM  OR 
SH.     THE  CHEMICAL,   ROTENONE, 
S  OF   COMMERCE,   IS  WIDELY  USED 
LEVANT  TO  THIS  USE   IS  SUMMAR- 
OISON,   IN  THE   CONCENTRATIONS 
FFECT  OTHER   VERTEBRATES  BUT 
ORTANT   IN  THE   DIET  OF  MANY  FISH 

t  be  taken  to  ensure  a  net 
tion.    The  poison,  if  scientif- 
t0  restricted  parts  of  lakes  for 
lations  of  coarse  fish  without 
other  parts  of  the  lake, 


). 


With  some  methods  of  application  and  partic- 
ularly  IN  THE  AERIAL  SPRAYING  OF  FOREST  AND  FRUIT  TREES,   IN- 
SECTICIDES  MAY   FIND  THEIR  WAY   INTO   STREAMS   IN   QUANTITIES   IN- 
JURIOUS  TO   THEIR  BIOTA.     ARSENICALS  USED   IN   THIS  WAY,   PRESENT 
THE   SAME   HAZARDS  TO  AQUATIC   ORGANISMS  AS   THEY   DO  WHEN  EMPLOYED 
AGAINST  AQUATIC   VEGETATION.     THE   USE  OF   O.D.T.   AND   RELATED 
CHEMICALS   AS   INSECTICIDES   HAS  BECOME   GENERAL  AND   THESE   POISONS 


-  102  - 

MAY   REACH   THE  WATERS  OF   STREAMS   IN  SEVERAL  WAYS.     WHERE   THEY 
ARE  USED   IN  SPRAYING   A  FOREST  OR  ORCHARD   THEY  MAY  FALL  DIRECTLY 
INTO  THE   STREAM   OR  REACH   IT   IN  WATER  DRAINING   OFF  THE   LAND. 
HOCKIUG   (31),   ATTRIBUTES  THE  ABSENCE   OF   BLACK  FLIES   IN  STREAMS 
IN  THE   VICINITY   OF  CHURCHILL,  MANITOBA,  'TO  THE   CONTINUING 
EFFECT  OF   SIGNIFICANT  AMOUNTS   OF  D.D.T.   CONTAINED   IN   RUN-OFF 
WATER  FROM  AREAS  SPRAYED  PREVIOUSLY.       It  FOLLOWS  THAT  SPRAY- 
ING OF  FORESTS  WITH   D.D.T.   MAY   RESULT   IN  SERIOUS   POISONING  OF 
STREAMS   BECAUSE  OF  HIGH   CONCENTRATIONS  OF  THE   POISON  WHICH   MAY 
RESULT   IN   A   PARTICULAR  DRAINAGE   BASIN   UNDER  SOME  METEOROLOGICAL 
CONDITIONS. 
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in  the  following  two  years,  1946  and  1947,  the 
numbers  of  black  flies  emerging  from  a  square  yard  aver  a  g  3)  approx- 
imately 37,400  or  17  times  the  numbers  prior  to  treatment,  and 
the  numbers  in  1947  were  nearly  three  times  as  large  as  in  1946. 
Furthermore,  there  was  in  this  change  a  disproportionately  large 
increase  in  the  numbers  for  one  species,  slmulium  venustum,  the 
only  species  of  those  represented  which  becomes  a  serious  nuis- 
ANCE.   It  made  up  nearly  50$  of  the  total  in  1946  and  over  70$ 
in  1947.    It  would  appear  from  these  data  that  the  balance 
among  the  populations  of  stream  insects  had  been  significantly 
altered  by  the  spraying  treatment  akd  that  the  upset  favoured 
the  black  flies.    part  of  the  explanation  of  this  result  may  be 
in  the  fact  that  black  flies  disperse  readily  and  *  re  thus  able 

TO  REPOPULATE  STREAMS  BY  IMMIGRATION.  MaNY  OF  THE  OTHER  AQUATIC 
INSECTS  ARE  RESTRICTED  IN  THEIR  MOVEMENTS  TO  THE  IMMEDIATE  VICIN- 
ITY OF  THE  STREAM   IN  WHICH   THEY  LIVE  AS   LARVAE  AND  WHEN  ELIMINATED 


-  103  - 

FROM  AN   ISOLATED   LOCALITY  MA*  FAIL   TO  RETURN   FOR  A   VERY  LONG 
PERIODo     THE   IMPLICATION  OF   THIS   IS  THAT   UNLESS  TREATMENT   IS 
REPEATED   AT  FREQUENT   INTERVALS   THE  SPRAYING  OF  STREAMS  OVER 
AN  EXTENSIVE  AREA  FOR  THE  CONTROL  OF  BLACK  FLIES  WILL  PROBABLY 
AGGRAVATE   RATHER  THAN  AMELIORATE  THE  NUISANCE. 


SUMMARY 


i.    two  cases  of  serious  pollution  of  rivers  and  the  effect 
on  fish  are  cited  from  the  literature. 

2.  Pollution  from  the  biological  standpoint  follows  different 

CRITERIA  THAN  THOSE   OF  POLLUTION  FROM  THE  PUBLIC  HEALTH 

or  hygienic  standpoint. 

3.  The  main  pollutants  are  classified  under  the  headings, 
oeoxygenat  i  ng  ,  suspensoids  and  emulsoios,  specific  toxic 

CHEMICAL  SUSTANCES,  TOXICITY   OF   INDUSTRIAL  EFFLUENTS  FOR 
STRFAH   INHABITANTS,   AND   A  FURTHER  GROUP  UNDER  THE  HEAD- 
IN  c i -   Control  of  pests  by  chemicals  and  inherent  dangers 

TO  STREAM  ORGANISMS* 

4.  THE   USEFULNESS  OF  BIOLOGICAL   INDICATORS   IN  THE  DETECTION 
OF   POLLUTION,   PARTICULARLY   IN  THOSE  CASES   OOMINATED  BY  DE- 
OXYGENATING  MATERIALS   IS  STRESSED.     THEIR  USE  SUPPLEMENTS 
THAT   OF  CHEMICAL  TESTS   PARTICULARLY   IN  CASES   IN  WHICH 
THERE   IS  POLLUTION   OF   AN   INTERMITTENT  KIND. 


6. 


The  use  of  biological  indicators  in  case  of  pollution 
caused  by  toxic  chemical  substances  of  effluents  is  more 
limited  as  not  enough  is  known  on  differential  effects 
on  the  biota  to  classify  effects  in  a  detailed  way. 

SEE  PAGE   108  ^ 
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The  inherent  dangers  of  i no i scr i m  i  nant  use  of  plant, 
fish  and  insect  poisons,  and  other  chemicals  in  streams 
are  pointed  out  and  especially  for  cases  where  a  serious 
upsetting  of  balance  among  the  organisms  may  result. 
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POLLUTION  AND  WATERFOWL 


-  By  - 

J.  MUNRO  MacLENNAN 

Canadian  Wildlife  Service 
Ottawa  ,  Ontario 


The  Canadian  Wildlife  Service,  which  1 
represent  here,  is  part  of  the  department  of  northern 
Affairs  and  National  Resources.    It  is  the  federal  agency 
charged  with  carrying  out  the  commitments  of  canada  under 
the  Migratory  Birds  Treaty  with  the  United  States,  and  in 
that  capacity  it  is  responsible  for  the  annual  revision  of 
the  Migratory  Bird  Regulations.    The  Service  also  makes 
arrangements  for  the  annual  f e 0 e r a l-p ro v  i  n c  i  a l  wildlife 
Conference,  at  which  wildlife  administrators  of  the  Fed- 
eral Government  and  the  Provinces  meet  to  discuss  problems 
of  mutual  interest. 

During  the  past  thirty  years  the  harm 
done  to  wildlife  by  pollution  of  waters  has  been  repeatedly 
discussed  at  those  Conferences  ,  and  as  far  back  as  1924  a 
resolution  was  adopted  recommending  federal  legislation  to 
control  discharge  of  oil  and  oil  wastes  into  canadian 
waters.    In  1948  the  Conference  proposed  that  a   special 
provision  shoulo  be  inserteo  in  the  migratory  blro  regula- 
tions to  control  pollution  which  might  affect  waterfowl. 
That  provision,  which  was  incorporated  in  the  Regulations 
and  is  still  in  effect,  reads  as  follows: 

"no  person  shall  knowingly  place,  cause  to  be 
placed  or  in  any  manner  permit  the  flow  or 
entrance*  of  oil,  oil  wastes  or  substances  harm- 
ful to  migratory  waterfowl  into  or  upon  waters 
frequented  by  migratory  waterfowl  or  waters 
flowing  into  such  waters  or  the  ice  covering 
either  of  such  waters." 

Although  we  have  had  that  provision  for  six 

YEARS,   NO  CONVICTIONS  HAVE   BEEN  MADE  UNOER  IT.     THE   PRINCIPAL 
REASON   IS   THAT  MOST  WATERS  FREQUENTED  BY  MIGRATORY  WATERFOWL 
AND  SUBJECT  TO  POLLUTION  ARE   IN  THE   DEVELOPED  AREAS  OF  THE 
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country  and  are  covered  by  prior  legislation,  such  as  the 
Fisheries  Act  and  federal  laws  dealing  with  harbours, 
navigable  waters  and  shipping.    migratory  waterfowl  may  be 
harmtd  by  pollution  not  covered  by  those  laws,  but  such  in- 
stances are  likely  to  be  of  a  local  and  temporary  nature, 
difficult  to  detect,  and  often  escaping  observation  and 

REPORT. 


OUR  OFFICERS  HAVE   FROM  TIME   TO   TIME   RE- 
PORTED SPECIFIC   INSTANCES  OF   DAMAGE  TO  WATERFOWL  BY   POLLUT- 
ION.     IN  SOME   OF   THOSE   CASES   IT  WAS   FOUND   THAT   ACTION  WAS 
BEING  TAKEN   AGAINST   THE  OFFENDERS  UNDER   OTHER  LAWS.      In 
THE   OTHER  CASES,   EITHER  THE  POLLUTION  COULD  NOT   BE  TRACED 
TO   ANY   INDIVIDUAL  OR   CORPORATION, 


OR  ELSE   IT  PROVED   TO   BE 


" 


ACCIDENTAL.     SINCE  OUR  REGULATION   CONTAINS   THE  WORD   "KNOW- 


I  NGLY"  ,   I  T   DOES 
I  ON. 


NOT   COVER   ACCIDENTAL  OR   INVOLUNTARY   POLLUT- 


WE  BELIEVE,   HOWEVER,   THAT   THE   REGULATION 
SERVES  A   VALUABLE  PURPOSE.      IT  GIVES  US   THE   POWER  TO  PROSE- 
CUTE A  DELIBERATE  OFFENDER   IN  SOME  CIRCUMSTANCES  WHERE   OTHER 
LEGISLATION  DOES   NOT  APPLY.      In  ADDITION,   BY   ITS   EXISTENCE 
IT   AFFIRMS   THE   INTEREST  OF  WILDLIFE  ADMINISTRATION   IN   QUEST- 
IONS DEALING  WITH  POLLUTION. 


C  ON  T  I  N 
RESOLU 
T  I  ON  S 
E  L  I  M  1 1  N 
RESOLU 
M  I  GRAT 
L AT  I  ON 
ACTION 
INVEST 

Canada 

ATI  ON 
OF  THE 


Last  year's  Conferen 
uing  threat  of  pollution  to  wild 
tion  urging  that  the  fisheries  a 
hould  be  strengthened  to  compel 
ate  pollution  of  waters  by  oil  0 
tion  did  not  specifically  recomm 
ory  Bird  Regulations,  which  are 
in  which  the  Canadian  Wildlife 
in  the  matter.    this  service, 
igation  of  the  effects  of  pollut 
our  field  officers  were  aske 
in  their  own  districts.    i  shal 
ir  reports,  taking  the  provinces 


CE   AGAIN  DISCUSSED  THE 
LIFE.       t  T   ADOPTED  A 
CT,   AND  OTHER  LEGISLA- 
INDUSTRIES  TO  AVOID  OR 
R   OTHER  WASTES.      THE 
END   ANY   CHANGE   IN   THE 
THE   ONLY  FORM  OF  LEGIS- 
SERVICE  COULD  TAKE   ANY 
HOWEVER,   UNDERTOOK   AN 
ION   ON  WILDLIFE   IN 
D  TO  REPORT  ON  THE  SITU- 
L  NOW   GIVE  YOU   A  SUMMARY 
FROM  EAST  TO  WEST. 


FINED  TO 
SOURCES : 


In  Newfoundland  the  problem  is  mainly  con- 
coastal  WATERS.     OIL  POLLUTION  COMES  FROM  FIVE  MAIN 


(i)   the  cleaning  out  of  fuel  oil  tanks  before  re-loading 
with  whale  or  seal  oil; 

(2)  The  discharge  of  used  lubricating  oil  from  ships; 

(3)  Waste  oil  in  bilges; 

(4)  Accidental  leaks  from  storage  tanks 

(5)  Wrecks,  including  ships  sunk  during 
lution  from  that  source  may  persist 
the  actual  loss  of  the  ship. 


AND  PIPE  lines; 
THE  WAR .  POL- 
FOR  YEARS   AFTER 


Biros  affected  in  Newfoundland  are 
ally  sea  ducks  and  other  sea  birds,  such  as  murres. 
worst  cases,  the  feathers  are  coated  so  thickly  that 
cannot  fly,  swim  or  dive,  and  quickly  perish.    if 
ion  is  less  heavy,  the  birds  may  be  so  handicapped 


P  R  I  NC  I  P- 

I  N   THE 
THE  BIRDS 

THE  POLLUT- 
THAT  THEY 
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ARE  WEAKENED   AND  UNABLE  TO  MOVE   QUICKLY,  ANO  SO  FALL  EASY 
VICTIMS  TO  PREDATORS  OR  HUMAN  RESIDENTS.     It   IS  REPORTED 
THAT   IF  SUCH  WEAKENED  BIRDS  ARE  TAKEN  BY  RESIDENTS  WITHIN  A 
DAY  OR   TWO,   THEIR  QUALITIES  AS  HUMAN  FOOD  ARE  NOT  AFFECTED, 
BUT  AFTER  A  FEW  DAYS  THE  BIRDS  ARE  THIN,   AND  THEIR  FLESH   IS 
TA 1 NTED  WITH  0  1 L. 

THE  TOTAL  ANNUAL  LOSSES  OF  SEA  BIROS  FROM 
POLLUTION  ON   THE  NEWFOUNDLAND  COASTS  ARE  VERY  LARGE,  ESPEC- 
IALLY  IN  SUCH  AREAS  AS  THE  STRAITS   OF  BELLE   ISLE  AND  THE 
SOUTH  COAST  OF  THE  AvALON  PENINSULA.     IN  ONE  PARTICULAR  CASE, 
DEAD  AND  DYING   BIROS  WERE   FOUND  ALONG  80  MILES  OF  SHORELINE 
WITHIN  TWO  WEEKS  OF   THE  WRECK  OF  A   SHIP  WHICH   CARRIED  200 
TONS  OF  FUEL  OIL.      In  ONE   SETTLEMENT   ALONE,   IT  WAS  SAID  THAT 

residents  secured  about  1,500  ducks  for  food  as  the  result  of 
that  wreck. 

In  Prince  Edward  Island  and  most  of  New 
Brunswick  losses  of  sea  birds  from  oil  pollution  are  general- 
ly small.    Many  Nova  Scotia  localities  on  the  Atlantic  Coast 
have  reported  losses  in  recent  years.    the  blame  is  general- 
ly placed  on  wrecks  and  bilge  from  oil-burning  ships,  al- 
though there  are  also  probable  long-lasting  effects  from 
tankers  sunk  during  the  war. 

A  SPECIAL  PROBLEM   IS  CAUSED   IN  New  BRUNS- 
wick by  portable  sawmills.    these  often  operate  near  streams. 
Sawdust  from  their  sawdust  piles  is  washed  into  the  streams 
by  rain,  causing  harm  to  fish  ano  other  aquatic  life  which  may 
not  be  observed  until  after  the  mill  has  left  the  district.  -- 
the  spraying  of  large  forest  areas  with  ddt,  to  control  spruce 
budworm,  has  also  led  to  the  killing  of  fish  and  aquatic  in- 
VERTEBRATES  IN  CERTAIN  AREAS. An   UNUSUAL  CASE   IS  REPORTED 

from  Woodstock,  New  Brunswick,  where  a  trout  stream  has  been 
ruined  by  wastes  discharged  from  a  starch  factory  across  the 
international  bounoary  in  the  state  of  maine. 

In  Quebec  the  most  serious  problem  is  river 
pollution  by  city  sewage  and  industrial  wastes.  sportsmen* s 
associations  have  protested  against  damage  to  fisheries  from 
those  sources,  but  no  harm  to  waterfowl  from  those  causes  has 
been  reported.  some  oil  pollution  has  occurred  on  the  lower 
St.  Lawrence  and  along  the  coast  of  the  Gaspe  Peninsula,  but 
shipping  owners  and  operators  have  generally  been  very  co-op- 
erative ano  observant  of  the  law.  any  serious  cases  of  pol- 
lution caused  by  shipping  in  that  area  in  recent  years  appear 
to  have  seen  accidental. 

In  Ontario  there  are  several  critical  areas. 
The  Spanish  River  in  Northern  Ontario  is  am  example  of  a  river, 
distant  from  large  centres  of  population,  polluted  by  chemical 

WASTES   FROM  PULP  AND  PAPER  PLANTS.     THE  Don  RlVER  AT  TORONTO, 

and  the  Thames  at  London  are  heavily  polluted  by  factory  wastes 

AND     CITY     SEWAGE.  In      THOSE      RIVERS      FISH      ARE      MORE     SERIOUSLY 

affected  than  other  wildlife.    a  chronic  pollution  situation 
affecting  waterfowl,  and  of  international  concern,  occurs  on 
the  Detroit  River  between  Detroit  and  Windsor.    Fish  and  water- 
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fowl  are  affected  by  pollution  at  harbours  along  the  great 
Lakes  Waterways,  from  Kingston  to  Sarnia;   there  oil  from 
shipping  is  acded  to  city 

of  damage. 


AND   INDUSTRIAL  WASTES   AS 


SOURCE 


In  THE  WESTERN   PROVINCES   HARM  TO  WILDLIFE 
BY   POLLUTION  HAS   BEEN  MORE  LOCALIZED.      THERE   HAVE   IN  THE 
PAST   BEEN  COMPLAINTS  BY  WINNIPEG  ANGLERS   ABOUT  THE   DUMPING 
OF   MUNICIPAL   SEWAGE   AND  OIL  WASTES   INTO   THE  RED  RlVER,   BUT 
CITY   AUTHORITIES  AND   INDUSTRIAL  CONCERNS  HAVE   CO-OPERATED   TO 

reduce  pollution  from  those  sources.    no  harmful  effects  on 
ducks  or  muskrats  have  been  reported. 

There  has  been  some  o amage  to  fish,  and 

OCCASIONALLY   TO   DUCKS,   THROUGH   OIL  POLLUTION   IN  MOOSE  JAW 

Creek  in  Saskatchewan.    At  Kamsack  wastes  from  an  oil  refin- 
ery have  been  poured  into  a  creek  which  empties  into  the 
Assiniboine  River,  but  no  harm  to  fish  or  wildlife  has  been 
reported.    There  have  been  many  complaints  from  Prince 
Albert  about  oil  and  industrial  pollution  of  the  North 
Saskatchewan  River,  said  to  originate  in  Edmonton,  but  fish 

AND  WILDLIFE   IN  SASKATCHEWAN  DO  NOT  APPEAR  TO  BE  AFFECTED. 

About  two  years  ago  our  bird-banding  section 

RECEIVED  A   REPORT.  ABOUT  A   BANDED  DUCK   FOUND  DEAD   IN   AN  OIL 
PIT  NEAR  BLACKFOOT,  ALBERTA.     THE  FINDER  SAID  THAT  MANY 
DUCKS  LOST   THEIR   LIVES   IN   THE  OIL   PITS,   AND  THIS  SERVICE 
THEREUPON  MADE  AN  EXTENSIVE   INVESTIGATION.      It   WAS  FOUND 
THAT  CRUDE  OIL   IN  SURFACE  PITS   HAD   INDEED  CAUSED  THE  DEATH 
OF   A   NUMBER  OF   DUCKS  NEAR  BLACKFOOT  AND  LLOY D M I  N S T E R  ,   THE 
DUCKS  EVIDENTLY  MISTAKING   THE  OIL  FOR  WATER   IN  DIM  LIGHT. 

However,  surface  oil  pits  were  being  rapidly  eliminated  as 
oil  fields  were  developed,  and  they  are  no  longer  considered 
to  be  a  serious  threat  to  waterfowl. 

For  several  years  Calgary  sportsmen  "have 
been  protesting  against  the  discharge  of  oil  wastes  into  the 
Bow  River  in  that^area.   "The  wastes  do  not  appear  to  kill 

FISH,   BUT   THEY   DO  GlVE  THE  FISH   AN  .UNPLEASANT  TASTE;     WE 
UNDERSTAND  THAT  THE  OIL  REFINERIES  ARE  TAKING  STEPS   WHICH 

may  solve  the  problem. 

According  to  our  reports,  pollution  is  not 
a  serious  threat. to  wildlife  resources  in  britisb  columbia, 
Some  accidental,  discharges  of  oil  into  streams  have  been 
reported,  but  industries  are  generally  co-operative  and 

PROv'lNC'lAL  LAWS  ON  THE  'SUBJECT  ARE  WELL  OBSERVED.  OCCASION- 
ALLY WATERFOWL  ARE  KILLED  IN  COASTAL  WATERS  BY  OIL  DISCHARGED 
FROM   SHIPS,   BUT  THE   LOSSES   ARE  COMPARATIVELY   SMALL. 

AN  UNUSUAL  CASE   IS  ON   RECORD  OF  CANADA  GEESE 
DYING.  OF   LEAD   POISONING   IN  THE  STATE  'OF  WASHINGTON.     THERE 
WAS   SOME  EVIDENCE   THAT  THE  SOURCE   OF   THE   TROUBLE   IN   THAT   CASE 

could  be  traced  to  mine  tailings  at  spillimacheen,  british 
Columbia,  more  than  100  miles  north  of  the  international 
boundary. 


1  I 
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In  the  Northwest  Territories  and  the  Yukon, 
pollution  problems  are  almost  non-existent.  a  few  years  ago 
some  concern  was  caused  8y  arsenical  fumes  from  a  smelter 

NEAR  YELLOWKNIFE.     The  FUMES  ARE  HEAVY  AND  TEND  TO  SINK 
THROJGH   THE  AIR,  SO  THAT   IN  WINTER  A  DANGEROUS  CONCENTRATION 
OF  ARSENIC  WAS  BUILT  UP  ON   THE  SNOW  FOR  A   CONSIDERABLE  DIST- 
ANCE FROM  THE  SMELTER.     ONE   CHILD  AND   SEVERAL  OOMESTIC 
ANIMALS  DIED   AS  THE   RESULT  OF  EATING  SNOW  OR  DRINKING  PUDDLE 
WATER  SO  CONTAMINATED.     PROBABLY  WILDLIFE  WAS  ALSO  AFFECTED, 
BUT  WE  HAVE  NO  REPORTS  ON  THAT  POINT.     WE  ARE   INFORMED  THAT 
THE  SITUATION   HAS   BEEN   GREATLY   IMPROVED,  AND   THAT  THERE   IS  NO 
LONGER  ANY  DANGER  TO  HUMAN  BEINGS,  OR  PRESUMABLY  TO  WILDLIFE, 
FROM  NORMAL  SMELTER  OPERATIONS. 

TO  SUMMARIZE! 

Pollution,  of  coastal  waters  by  oil  from 
shipping  is  a  serious  threat  to  aquatic  biros  in  certain 
areas  of  Newfoundland  and  on  the  Atlantic  coast  of  Nova  Scotia; 
it  causes  occasional  damage  on  the  lower  St.  Lawrence  and  the 
coast  of  British  Columbia}   elsewhere  in  Canada  it  is  almost 
negli c i BLE. 

Pollution  of  inland  waters  by  oil  from  ship- 
ping exists  along  the  St.  Lawrence  waterway,  especially  in 
harbour  areas,  and  affects  fish  and  waterfowl. 

Pollution  of  rivers  and  lakes  by  city  sewage 
and  industrial  wastes,  including  oil  refinery. wastes,  affects 
fish,  and  to  a  lesser  extent  waterfowl,  in  the  more  thick ly- 
populated  regions  of  ontario  and  quebec,  and  in  a  few  other 
areas.    in  some  cases  the  pollution  does  not  directly  harm 
the  fish  in  those  inland  waters,  but  it  impairs  their  flavour 
and  destroys  the  amenities  of  sport  fishing* 

Apart  from  oil  shipping,  city  sewage,  and 
industrial  wastes,  the  only  other  type  of  pollution  reported 

WAS  CAUSED  BY  SMELTER  FUMES.     It  IS  NOT  A  COMMON  TYPE,  AND 
IS  NOT  BELIEVED  TO  CONSTITUTE  A   THREAT  TO  WILDLIFE   IN  CANADA. 

From  the  summary  which  i  have  given,  it  is 
evioe"nt  that  administration  of  the  migratory  blrds  convention 
Act  is  closely  concerned  with  control  and  prevention  of  pol- 
lution in  Canadian  waters.    Section  40,  of  the  Migratory 
Bird  Regulations  affirms  our  interest  in  the  problem,  and 
ensures  that  we  keep  in  touch  with  developments.    In  actual 

practice,  many  senior  interests  federal,  provincial,  and 

municipal  --  are  involved,  and  control  measures  on  account  of 
those  interests  are  normally  invoked  before  waterfowl  management 
is  brought  into  the  picture.    it  appears  to  us  that  the  canad- 
IAN Wildlife  Service,  as  the  federal  agency  responsible  for 

MIGRATORY  BIRD  ADMINISTRATION,  SHOULD  CONTINUE  THE  POLICY  OF 
CO-OPERATION  WITH  THOSE  SENIOR   INTERESTS   INSTEAD   OF  STRENGTH- 
ENING OUR  OWN  REGULATION  AGAINST  POLLUTION.'    In  THAT  WAY  WE 
SHALL  AVOID  DUPLICATION  OF  EFFORT  AND  DISSIPATION  OF  ENERGY. 
ON  OCCASION,   OUR  REGULATION  MAY   HAVE  TO  BE  ENFORCED  WH.EN  NO 
OTHER  MEASURES  ARE  APPLICABLE,  8UT   IN  GENERAL  WE  MAY  EXPECT 
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POLLUTION  AND  THE  FISHERIES 


-  By  m 

ANDREW  L.  PRITCHARD 

Department  of  Fisheries 
Ottawa,  Ontario 


DEFINITION  OF  POLLUTION  IN  RESPECT  TO  FISHERIES 


For  all  practical  purposes,  pollution  in 
respect  to  fish  may  be  oefined  as  the  addition  of  any  sub- 
stance to  waters  inhabited  by  fish  which  will  limit  their 

GROWTH  AND/OR  OECREASE  THEIR  SURVIVAL.     It   IS   QUITE  TRUE 
THAT  A  FEW  SUBSTANCES  OCCUR  NATURALLY  WHICH  MIGHT  BE  REGARDED 
AS  POLLUTANTS.     PERHAPS   THE  HYDROGEN  SULPHIDE  FROM  UNDER' 
WATER  VOLCANOES,   HOT  SPRINGS  OR  DECAYING  VEGETATION   IS  AN 
EXAMPLE.     WE  ALSO  KNOW  THAT  CERTAIN  NATURAL  POISONS  OCCUR 
IN  THE  FOOD  ORGANISMS  OF  FISH,  WHICH,  ALTHOUGH  THEY  DO  NOT 
AFFECT  THE  FISH,   CAN  BE  DETRIMENTAL  TO  HUMAN  HEALTH.     THESE 
NATURAL  SUBSTANCES  ARE,  HOWEVER,  SO  RARE  AS   TO   BE  OF  LITTLE 
REAL  CONSEQUENCE   IN  THE  OVERALL  PICTURE. 


TYPES  OF  POLLUTION  AFFECTING  FISH: 

Domestic  sewage  certainly  pollutes  many 
waters  from  the  standpoint  of  human  health,  but  there  are 
few  proven  examples  of  this  being  directly  harmful  to  fish 
except  in  concentrations  far  beyond  that  which  would  be  tol- 
erated under  present  day  conditions.    as  a  matter  of  fact, 
we  may  sometimes  be  forced  to  admit  that  the  change  in 
physico-chemical  conditions  resulting  from  suck  discharge 
may  be  beneficial.    domestic  sewage  does  contain  bacteria, 
perhaps,  pathogenic,  which  is  ingested  by  shellfish.   slnce 
animals  such  as  oysters  are  often  eaten  in  the  raw  state,  a 
source  of  real  trouble  is  thus  created  even  though  the  bac- 
teria have  not  affected  the  growth  and  survival  of  the  shell- 
FISH. 

THE  GREATEST  SOURCE  OF   POLLUTION   IN  THE 
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FISHERIES  SENSE   IS  UNDOUBTEDLY  FROM  WASTE  DISCHARGED  FROM 
INDUSTRIAL  PLANTS.    In  THIS  CATEGORY  ARE  MANY  OF  THE  EFFLU- 
ENTS FROM  THE  PJLP  AND   PAPER   INDUSTRY,   IRON,  COAL,   GAS,   OIL, 
MILK   AND  MEAT  PROCESSING,   AND  OTHER  OPERATIONS.     OF  THESE, 
THE  MOST  COMMON  TYPES  ARE  THOSE  WHICH  HAVE  A  HIGH   OXYGEN 
DEMAND.     WHEN  THESE  ENTER  A  WATERWAY  THEY  BECOME  DILUTED 
AND   THEN  UTILIZE  THE   OXYGEN   IN  THE  WATER,   REDUCING   IT  FROM 
THE   NORMAL  8  TO  II   PARTS  PER  MILLION   TO  LESS  THAN  5  PARTS 
PER  MILLION  USUALLY  CONSIDERED  NECESSARY  FOR  FISH.     THE  RE- 
SULT  IS   THAT  THE  FISH   DIE   OF  ASPHYXIATION  SHOWING  SYMPTONS 
OF   CYANOSIS. 

IN  GENERAL  THE  END   PRODUCTS   OF  THESE   OXID- 
ATION PROCESSES  ARE   INERT  AND   HARMLESS,  BUT  SOME  OF   THE   INTER- 
MEDIATE  SUBSTANCES  MAY   BE  EXTREMELY  POISONOUS.     FOR  EXAMPLE, 
THE   SPENT  PICKLING  LIQUORS   FROM   THE   IRON   AND  STEEL   INDUSTRIES 
CONTAIN  ZINC  SALTS  WHICH   ARE  VERY  TOXIC  TO  FISH. 

While  the  end  products  may  be  chemically 
inert,  they  may  cause  mechanical  damage.    the  sludge  from 

IRON   OR   LIME  MANUFACTURE   OFTEN   SETTLES  ON  THE  BOTTOM,   AND 
THROUGH   CUTTING  OFF  THE  OXYGEN  CIRCULATION,   MAKES   IMPOSSIBLE 
THE  GROWTH   OF  PLANTS  AND   ANIMALS  WHICH  SUPPORT  FISH  LIFE.    IT 
MAY   ALSO  SETTLE  ON   THE  GILLS  OF  FISH,   IF  THEY  ARE  IN  THE   VIC- 
INITY, AND  CAUSE   SUFFOCATION.     THE  WASTE  SHORT  FIBRES  FROM 
PULP  MILLS  HAVE  THE  SAME  EFFECT.     OlL  MAY  COAT  THE  FISH,   AND 
IN  ADOITION   IN  SETTLING  TO   THE  BOTTOM,   IT  ABSORBS  MUD  PARTICLES 
FORMING  AN   IMPERVIOUS  OOZE.     BARK  AND  HEAVY  LOGS  MAY  BE  DET- 
RIMENTAL  IN  COATING  THE   RIVER  BOTTOMS  AND  COVERING  THE  SPAWN- 
ING GROUNOS. 


EXTENT  OF  POLLUTION  FOR  FISH; 

There  is  history  of  damage  to  fisheries  by 

POLLUTION   IN  ALMOST   EVERY   INDUSTRIAL  REGION.     THE  LONGEST 
EXPERIENCE  HAS  BEEN   IN  EUROPEAN   RIVERS  AND  ESTUARIES.    D UR I N G 
THE  PAST  TWENTY  YEARS  CONSIDERABLE  STUDY  OF  THE  PROBLEM  HAS 
BEEN  MADE   IN   THE  UNITED  STATES.     THESE  WORKS   ARE   INFORMATIVE 
AND  WELL  DOCUMENTED   IN  THE  LITERATURE.      IN  GENERAL,   HOWEVER, 
THERE  HAS  BEEN  LITTLE  SUCCESS   IN  RECTIFYING  ANY   EXISTING  DAMAGE 
SINCE   ALTERATIONS  TO  EXISTING   INDUSTRIES   ARE  EXPENSIVE  AND   IN- 
VARIABLY  THE  CONTENTION   IS  RAISED  THAT  THE  LIVELIHOOD  OF  THE 
WORKERS  WILL  BE  AFFECTED. 

POLLUTION  OF  FISHERIES  IN  CANADA  AND  PREVENTATIVE  LEGISLATION; 

In  Canada  the  problem  of  pollution  in  fish- 
eries HAS  LONG  BEEN  RECOGNIZED  SINCE  IT  HAS  BEEN  COVERED   IN 
THE  ACTS  AND  REGULATIONS  FOR  SOME  TIME,     IN  FACT,   THE  PRESENT 
LAW  WHICH   IS  LITTLE  DIFFERENT  FROM  THE  ORIGINAL   IS  F£R  STRONGER 
THAN   IS   GENERALLY   REALIZED.     AS   IT   STANDS   IF   A  SINGLE   FISH   IS 
KILLED  AS   A  RESULT   OF  ANY  SUBSTANCE  HAVING   BEEN  DISCHARGED   INTO 
A  WATERWAY,   IT  WOULD   BE  DIFFICULT  TO  AVOID   RESPONSIBILITY.    I N 
THIS  CONNECTION,  SECTION  33  OF  THE  FISHERIES  ACT   IS  PERTINENT'. 


• 
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33.    (I)    NO  ONE  SHALL  THROW  OVERBOARD  BALLAST, 
COAL  ASHES,  STONES,   OR  OTHER  PREJUDICIAL  OR  DELETER- 
IOUS  SUBSTANCES   IN  ANY   RIVER,   HARBOUR  OR   ROADSTEAD, 
OR   IN  ANY  WATER  WHERE  FISHING   IS  CARRIED  ON,   OR  LEAVE 
OR  DEPOSIT  OR  CAUSE  TO  BE  THROWN,   LEFT  OR  DEPOSITED, 
UPON  THE  SHORE,  BEACH   OR  BANK  OF  ANY  WATER  OR  UPON 
THE  BEACH  BETWEEN  HIGH  AND  LOW  WATER  MARK,   REMAINS 
OF  OFFAL  OF  FISH,   OR  OF  MARINE  ANIMALS,   OR  LEAVE 
DECAYED  OR  DECAYING  FISH   IN  ANY  NET  OR  OTHER  FISHING 
APARATUS;   SUCH   REMAINS   OR  OFFAL  MAY   BE  BURIED  ASHORE, 
ABOVE  HIGH  WATER  MARK. 

(2)  -No  PERSON  SHALL  CAUSE  OR  KNOWINGLY  PERMIT 
TO  PASS   INTO,  OR   PUT  OR   KNOWINGLY  PERMIT   TO  BE   PUT, 
LIME,   CHEMICAL  SUBSTANCES  OR  ORUGS,   POISONOUS  MATTER, 
DEAD  OR  DECAYING  FISH,   OR  REMNANTS  THEREOF,  MILL 
RUBBISH  OR  SAWDUST  OR  ANY  OTHER  DELETERIOUS  SUBSTANCE 
OR  THING,  WHETHER  THE   SAME   IS   OF  A  LIKE   CHARACTER  TO 
THE  SUBSTANCES  NAMED   IN   THIS  SECTION   OR   NOT,   IN  ANY 
WATER  FREQUENTED  BY   FISH,   OR   THAT  FLOWS   INTO  SUCH 
WATER,   NOR  ON  ICE  OVER  EITHER  SUCH  WATERS. 

(3)  NO  PERSON  ENGAGING   IN  LOGGING,  LUMBERING, 
LAND   CLEARING  OR  OTHER  OPERATIONS,   SHALL  PUT  OR  KNOW- 
INGLY  PERMIT  TO  BE   PUT,  ANY  SLASH,   STUMPS  OR  OTHER 
DEBRIS   INTO  ANY  WATER,  FREQUENTED  BY  FISH  OR  THAT 
FLOWS   INTO  SUCH   WATER,   OR  ON  THE   ICE  OVER  EITHER  SUCH 
WATER,  OR  A  PLACE  FROM  WHICH   IT   IS  LIKELY  TO  8E  CAR- 
RIED  INTO   EITHER   SUCH   WATER. 


tN   ORDER   TO   CLARIFY   THE  THINKING,   ATTENTION 
SHOULD  BE  DRAWN  TO  THE  UNIQUE   POSITION  OF  FISHERIES  LEGISLA- 
TION.   At  Confederation  it  was  agreed  that  the  Oominion  Gov- 
ernment SHOULD  HAVE  LEGAL  JURISDICTION   IN  COASTAL  AND   INLAND 

fisheries.    all  laws  and  regulations  were  thus  to  be  passed 
by  the  Federal  Government.    Fisheries  was  the  only  resource 

which  was  handled  in  this  manner. 
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LTHOUGH  THE  BRITISH  NORTH  AMERICAN  ACT 

VE  RESPONSIBILITY   FOR  THE   REGULATION  OF 

STAL  AND   INLAND,  TO  THE  GOVERNMENT   OF 

S  FOLLOWING  CONFEDERATION,   CERTAIN   ADMIN- 

ILITIES,   PARTICULARLY   IN   THE  CASE  OF  FRESH 

RE  DELEGATED  TO  THE  PROVINCES   IN  VARYING 

NTLY,  WHILE  ALL  FISHERIES  LAWS  AND  REGU- 

OTTAWA,  THE  JOB   OF   ADMINISTRATION  OF  THESE 
S   IS  CARRIED  OUT   IN  SOME   CASES  BY  FEDERAL 
ERS  BY  PROVINCIAL   OFFICERS  ACCORDING  TO  THE 
NGEMENTS  WITH  THE  DIFFERENT  PROVINCES. 


i  stress  this  position  since  the  matter  has 
recently  become  very  prominent  due  to  the  pollution  of  the 
North  Saskatchewan  River.    In  such  circumstances  the  Feoeral 
Government  may  consult  in  the  solution  if  requested  by  all 
parties  concerned  but  would  find  it  difficult,  without  in- 
fringing its. agreements  with  the  individual  provinces  to  take 
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DIRECT   ACTION   ON   ITS   OWN   IN   THE   PROBLEM  SINCE   RESPONSIBILITY 
FOR  THIS  HAS  BEEN  DELEGATED  TO  THE  PROVINCES. 
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CENT  YEARS  VERY   LITTLE  ATTENTION 
TO   POLLUTION  AS   IT  AFFECTS  FISHERIES 
REASONS  FOR  THIS  ALLEGED,   BUT  NOT 
RST  PLACE,   THERE   HAVE  ALWAYS  BEEN 
RE   PLENTIFUL  AND   UNAFFECTED.     W  £ 
TAIN  THE  RESOURCE.     EVEN   IN  THE   I  N- 
S  WERE   RELATIVELY   FEW  AND  COULD   BE 
IS.     AS  A   RESULT  OF  THE   RECENT 
AND   THE   GREAT   INCREASE   IN   INDUST- 
VIRGIN   AREAS   AND   GREAT   INCREASES   IN 
BSTANCES  TO  WATER.     BECAUSE  OF   THE 
RCE  MAY   BE  DESTROYED,   THE   PROBLEM 
MORE  SERIOUSLY   AND  AT  GREATER  LENGTH. 


ACTION  AND  PROCEDURES  IN  COMBATTING  POLLUTION; 

The  fisheries  Departments  have  been  forced  in 

THE   LAST  FEW  YEARS   TO  TAKE  ACTION   MANY   TIMES.      A   REVIEW   OF   THE 
APPROACH   TO  SOLUTION  AND  THE  PROCEDURES  FOLLOWED   IN  ONE  OR  TWO 
CASES  MAY   BE   OF   INTEREST. 
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On  the  east  coast  in  the  Maritihes  Area,  we 
are  faced  with  somewhat  different  problems  undoubtedly  due  to 
the  differences  in  the  fish  populations  and  the  economy.   at 
the  present  time,  in  order  to  save  large  stands  of  timber  a 
spraying  programme  for  spruce  budworm  is,  in  effect.    after 
consultation  it  was  realized  that  the  fishery  resource  might 
be  affected  but  it  was  essential  to  save  the  forestry  resource* 
for  this  reason  efforts  were  directed  towards  applying  the 
spray  in  such  dilutions  and  solution  as  to  remove  the  possibil- 
ITY OF  DAMAGE.     Th E   INDUSTRY   INVOLVED  HAS  CO-OPERATED  WITH   GOOD 
RESULTS. 

THE  SO-CALLED   INDIRECT  POLLUTION  FROM  SEWAGE 
DISPOSAL  HAS  A  GREAT  EFFECT  BECAUSE   OF  THE  WIDE  DISTRIBUTION  OF 
POPULATION.      IN  CO-OPERATION  WITH  THE  NATIONAL  HEALTH   AND  WEL- 
FARE Department,  we  have  been  forced  to  close  to   fishing  many 

SHELLFISH  BEACHES   IN   ORDER  TO  REMOVE  THE  POSSIBILITY  OF  AFFECT- 
ING THE  HEALTH  OF  THOSE  WHO  EAT  THE  PRODUCT.     It  HAS  BEEN  POS- 
sible* however,  to  advise  those  concerned  how  to  alleviate  the 
disposal  problem  and  it  has  also  been  possible  to  suggest  a 
cleansing  method. 

Finally  we  should  perhaps  mention  what  might 
be  considered  pollution  of  natural  occurence.  on  both  coasts 
certain  species  of  clams  feed  heavily  on  a  protozoan  which  in 

ITSELF  CONTAINS  A  VERY  ACTIVE   POISON.     If  THESE  CLAMS  ARE 
EATEN,  THE  RESULT  MAY  BE  VERY  SERIOUS,   INCLUDING  PARALYSIS  AND 
DEALTH.     There  ARE  SOME  METHODS  OF  PROCESSING  BY  WHICH  LIMITED 
TOXICITY  FROM  THIS  SOURCE  MAY  BE  REMOVED  SUCH  AS  CANNING  UNDER 
SPECIAL  CONDITIONS.       On  THE  OTHER  HAND  THE  AREAS  WHERE  THIS 
CANNOT  BE  DONE  ARE  RIGIDLY  QUARANTINED  TO  REMOVE  THE  POSSIBILITY 
OF  DEATH. 

THE  MOST  DIFFICULT  PROBLEM  FACING  US   AT  THE 
PRESENT  TIME   IS  CORRECTION  OF  POLLUTION  FROM  PLANTS  ALREADY 
ESTABLISHED.     It  HAS  BEEN  POINTED  OUT   THAT  THIS   IS  A  COSTLY 
PROCEDURE.     THE  FACT   IS  THAT  WHEN  SUCH   PLANTS  WERE  OPERATING 
NORMALLY   IN  EARLY  YEARS  THEY  MAY  NOT  THEMSELVES  HAVE  CAUSED 
SERIOUS  POLLUTION.     THE  ADDITION  OF  OTHERS  WITHOUT  CONTROLS  HAS 
JUST  BEEN  ENOUGH  TO  MAKE  CONDITIONS   IMPOSSIBLE  FOR  FISH  SURVIVAL. 
NEW  PROBLEMS   ALSO   ARISE  AS  NEW  TECHNOLOGICAL  PROCEDURES  ARE 
INTRODUCED.     WE  THINK  OF   THE   USE  OF  ARSEMTE  TO  PREVENT  WOOD 
BORERS   IN  LOG  BOOMS,   AND  THE  ESTABLISHMENT  OF  OIL  REFINERIES  ON 
RIVERS.     WE  MUST,   HOWEVER,  FACE   THE  SITUATION  WITH  A  FULL 
APPRECIATION  THAT  THE  PROBLEM  EXISTS  AND  AGREE  THAT  BY  CO-OPER- 
ATION A  SOLUTION  MAY  BE  REACHED   IN  MOST  CASES. 

I   HAVE  NOT  MENTIONED  EFFECT  ON  FlSHING  GEAR. 


♦ 

*** 

***** 

*** 

* 
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THE  CONFERENCE  IN  REVIEW 

-  By  - 
R.  K.  STRATFORD 


Scientific  Adviser 
I mper i  al  Oil  Lto , 

Sarnia,  Ontario, 


The  attendance  of  some  150  people  at  a 
Conference  of  this  type  clearly  indicates  the  growing  in- 
terest people  have  with  regard  to  air  and  water  pollution. 

It  is  most  ineffectual  to  pass  laws  gover- 
ning POLLUTION  IF  THE  SUBJECT  HAS  NOT  BEEN  CAREFULLY  STUDIED 

previously.   While  it  is  probably  true  that  with  our  present 
knowledge  inoustry  can  materially  reduce  air  and  water  pol- 
lution, in  many  cases  it  would  be  most  uneconomic,  and  would 
place  an  unoue  burden  upon  the  industry. 

the  situation  in  any  area  suffering  from 

POLLUTION  SHOULD  FIRST  RECEIVE  A  SURVEY.    In  SOME  CASES  OUR 
KNOWLEDGE   IS  SUFFICIENT  TO  PERMIT  SUPPLYING  THE   INDUSTRY  WITH 
THE  NECESSARY   INFORMATION,   AND  AT  THE   SAME   TIME   AFFORDING 
SOME  SERVICE.     If   IT   IS  DIFFICULT  TO  DETERMINE  THE  SOURCE  OF 
CONTAMINATION,   OR   IF   THE  METHOD   OF  TREATMENT   IS  COSTLY,   THEN 
SOME  RESEARCH  WORK  SHOULD  BE  CARRIED  ON.     An  EXAMPLE  OF  AN 

effective  undertaking  of  this  type  is  the  group  research  being 
carried  on  at  sarnia  under  the  auspices  of  the  research  council 
of  Ontario.    This  is  a  case  where  industry  is  working  in  co- 
operation with  the  Provincial  Government  in  an  honest  attempt 
to  find  ways  and  means  of  reducing  both  air  and  water  pollution. 
Lastly,  if  the  industries  in  question  are  not  prepared  to  adopt 
modern  methods  of  pollution  control,  then  it  is  necessary  to 
set  up  the  necessary  controls. 

mr.  mcrae's  paper,  the  first  of  the  symposium, 
dealt  with  group  research.   mr.  d.  douglass  gave  a  paper  on 
the  utilization  of  mine  wastes.    apparently  their  problem  is 
only  to  determine  the  best  use  of  the  large  quantity  of  inert 
material  resulting  from  mining.    kenneth  cashmore's  paper  on 
the  treatment  of  oil  wastes  was  an  excellent  review  of  much  of 
the  work  of  the  a.p.i.  on  this  subject.    a  paper  by  e.  g. 
hackborn,  dealing  with  municipal  by-laws  in  connection  with 
i ndust rl al  w aste,  was  not  reviewed.    r.  a.  johnston's  paper 
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IDENCE   OF  NITRATES   IN  RURAL  WATER  SUPPLIES  GAVE   A 
SSIBLY  MORE   ACCURATE  METHOD   FOR  DETERMINING  WATER 
ION,     AN  EXCELLENT  PAPER  BY  A.  V.  DeLaPORTE  ON  OE- 
G  WASTES   INDICATED  SOME  OF  THE  LATEST  METHODS  OF 
OF   INDUSTRIAL  CONTAMINANTS.     Th E   REVIEWER  SUGGESTED 
UTHOR  MIGHT  LOOK   INTO   THE  POSSIBILITY  OF  USING  PRE- 
COAGULANTS,  AND   IN   SOME   CASES,   SIMPLIFY   THE   DISPOSAL 
SEGREGATING  VARIOUS  WATERS   IN   THE  PLANT   IN  ORDER  TO 
OLLUTED  MATERIAL   IN  AS  CONCENTRATED  FORM  AS  POSSIBLE 
NG.      IT  WAS   ALSO  SUGGESTED  THAT   IF  MILORGANITE  WAS 

for  Vitamin  BI2,  there  was  good  reason  to  believe 

CHEMICALS  COULD  BE  FOUND   IN  OTHER  WASTE  MATERIALS, 
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The  Research  Foundation  has  two  functions. 
One  is  to  carry  out  research  on  both  air  and  water  pollution, 
and  the  other  is  a  service  to  industries. 

In  England  the  oil  industries  are  co-oper- 
ating WITH  THE  GOVERNMENT  IN  CARRYING  ON  A  STUDY  OF  OIL  POL- 
LUTION ALONG  THE  COASTS.  IT  IS  SUGGESTED  THAT  THOSE  INTER- 
ESTED  IN   THIS  SUBJECT  SHOULD  KEEP   US   IN   CLOSE  TOUCH  WITH   THIS 

WORK  . 

Waste  disposal  is  a  subject  that  can  be 
closely  related  to  country  and  city  planning.     there  is  no 
question  but  that  we  can  and  should  very  materially  reduce 

POLLUTION   IN  THE   AIR  AND   RIVERS  OF  ONTARIO.      It   IS,   THEREFORE, 

MOST  GRATIFYING  TO  SEE  AN   INCREASE   IN  PUBLIC  INTEREST.    EvERY 

EFFORT  SHOULD  BE  MADE  TO  FIND  WAYS  AND  MEANS  OF  CHEAPLY  AND 

EFFECTIVELY   REDUCING  POLLUTION   PROBLEMS  TO  A  MINIMUM. 

It   IS  THE  RIGHT  OF  EVERY  CITIZEN,  NO  MATTER 
WHERE  HE   IS,   TO  HAVE  CLEAN  AIR  ANO   CLEAN  WATER.     WHILE  THE 
EMPHASIS   ON   POLLUTION   REGARDING  STREAM  LIFE   AND  WATER   FOWL   IS 
UNDOUBTEDLY   IMPORTANT,   IT   IS  MORE   IMPORTANT   IN  RELATIONSHIP 
TO   THE  HUMAN   BEING. 


********** 


TD 

897.5 
057 
1954 


Papers  presented  at  :  first 
Ontario  industrial  waste 
conference  (June  15th,  16th, 
17th,  18th,  1954)/ 

76564 


